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The first part of the research project investigated the antioxidant activities of 3 plants: 
namely Rhoeo spathacea (Commelinaceae), Pereskia bleo DC. (Cactaceae) and 
Fructus lycii (Lycium barbarum). These are some of the medicinal plants which have 
potential therapeutic properties but yet little is known about their antioxidant abilities. 
Thus, several in vitro methods, such as 2,2’-Azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) free radical (ABTS●+) and 1,1-diphenyl-2-picrylhydrazyl (DPPH●) 
were employed to understand the free radical scavenging abilities of the plant extract. 
The reducing power of the extracts was studied using the ferric reducing antioxidant 
power (FRAP) assay while the total phenolic contents (TPC) was also explored using 
the Folin Ciocalteau reagent. Good correlations were observed among the four assays. 
Different extraction methods were used and compared. The effect of heat during 
extraction was studied by comparing the antioxidant activities of plants extracted 
using soxhlet and shaker extraction. Two different solvents were used either together 
in the double solvent method or one solvent after another in a successive manner 
(successive single solvent method). Solvents of different polarities were also studied. 
Generally speaking, the soxhlet extraction was the most effective method using water 
as the extraction solvent. Rhoeo spathacea gave the highest antioxidant activities, 
indicating it as a potential source of phenolic antioxidants.   
Analysis of the antioxidants was carried out on the reversed phase high performance 
liquid chromatography – diode array detector (RP-HPLC-DAD) by reacting the 
extract with free radicals (ABTS●+ and DPPH●). Comparison of the spectrum of the 
extract with that of the reaction mixture allowed for easy identification of antioxidant
  VI 
 peaks. The structures of the major antioxidants of Rhoeo spathacea were elucidated 
systematically using HPLC-mass spectroscopy (HPLC-MS) and nuclear magnetic 
resonance (NMR). The key antioxidant in the water extract of Rhoeo spathacea was 
identified as Salvianic acid A.  
The last part of the project looked at the effect of vacuum frying on antioxidant 
profile of Salak [Salacca zalacca (Gaert.) Voss] (Pondoh) and Papaya [Carica 
papaya] (Bangkok) using the HPLC. Making use of the reaction between the free 
radicals (ABTS●+ and DPPH●) and the extract, the antioxidants profile of vacuum 
fried and fresh fruits could be compared. The effect of different radicals on the 
antioxidant profile was also investigated. Variations of results could be observed 
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CHAPTER 1  
INTRODUCTION 
 
1.1 Free radicals in biological systems 
 
1.1.1 Types of free radicals and their generation 
 
Compounds that contain one or more unpaired electrons are commonly coined as free 
radicals. Thus, free radicals are usually unstable due to their high energy state. There 
are a couple of ways in which free radicals could achieve a full octet which is a more 
stable state. One of the ways is via the reaction of the free radical (R•) with another 
highly reactive free radical (X•) such that a stable molecule (RX) is formed. This is a 
coupling reaction as in Eqn 1.1.  
R• + X• → RX   Eq 1.1 
The second way is when R• takes part in a self propagation chain reaction as in Eq. 
1.2. It will first remove an electron from a stable molecule (Y:), resulting in the 
formation of free radical Y•, which is then capable of reacting with another molecule 
Z:. Reaction of Z• with another free radical could terminate the chain reaction [1]. 
 
      R• + Y: → R: + Y•  Eq 1.2 
Y• + Z: → Y: + Z•    
 
Some examples of free radicals in our biological systems are the sulphur-centered 
radicals, chlorine, carbon-centered ones, transition-metal ions and the reactive 
nitrogen species (RNS) which are mainly oxides of nitrogen. Other more important 
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ones are the reactive oxygen species (ROS) which include hydroxyl radical (HO•), 
superoxide radical (O2•-), peroxyl radical (RO2•), alkoxyl radical (RO•) and 
hydroperoxyl radical (HO2•). Some non-radical forms of ROS include ozone and 
hydrogen peroxide. 
 
The ROS are produced by several different mechanisms. Firstly, they could be a 
consequence of the interaction of ionizing radiation with biological molecules. 
Secondly, they might occur as the byproduct of cellular respiration. The release of 
some electrons in the electron transport chain could reduce the oxygen molecules to 
the superoxide anion during cellular respiration. Lastly, they could be synthesized by 
specific enzymes in phagocytic cells like neutrophils and macrophages (1). 
 
1.1.2 Damaging effects of radicals in biological systems 
 
Metabolism produces by-products such as free radicals (ROS and RNS) that could 
lead to oxidative stress, which in turn is a major cause to the damages in the DNA, 
proteins and lipids. This damage could also occur as a result of an excess or 
deficiency of dietary antioxidants and other essential constituents. Studies had shown 
that oxidative stress could be a major contributor to aging and degenerative diseases 
such as cancer, cardiovascular disease, cataracts, immune system decline and brain 
dysfunction (2).  
 
Lipid peroxidation is probably the most commonly known effect of oxidative stress. 
The production of fatty acid hydroperoxides during lipid peroxidation could be 
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detrimental to cells. Protein oxidation could occur when proteins are subjected to 
oxidative stress, resulting in a critical loss of sulfhydryl groups. On top of that, the 
amino acids might be modified, leading to the formation of carbonyls and other 
oxidized moieties. Oxidized proteins are susceptible to proteolysis and the 
accumulation of proteins carbonyl groups appears to increase with age. Aging could 
result in the losses of physiological and biochemical functions that might eventually 
lead to damages in the DNA (3). Cell might behave differently and in the worst case, 
cell death might occur. However, cells can normally tolerate mild oxidative stress 
where an up-regulation of the antioxidant defence systems will occur (1). 
 
 
1.2 Antioxidant defence and their reaction mechanism  
 
To counteract the harmful effects of ROS/RNS produced in the body, defence 
mechanisms have evolved to scavenge radicals and other reactive species. These 
consist of enzymes, which are mostly intracellular, and low-molecular mass 
antioxidants, which are located both inside and outside the cell. 
 
The first line of intracellular defences is via enzymes such as the superoxide 
dismutase, catalase, peroxidase and ‘thiol-specific antioxidants’. The second way 
works via proteins that minimize the availability of pro-oxidants such as iron ions, 
copper ions and haem. Examples of such proteins are transferrins and metallothionein. 
This category also includes proteins that oxidize ferrous ions, such as caeruloplasmin, 
or even proteins that protect biomolecules against damage by other mechanisms. The 
last defence mechanism lies in low molecular mass agents that scavenge ROS and 
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RNS. Examples are glutathione, α-tocopherol, bilirubin and uric acid. Some of these 
low-molecular-mass antioxidants such as L-ascorbic acid and α-tocopherol, come 
from the diet. There is an intimate relationship between nutrition and antioxidant 
defense (4). However, the damaging effect of ROS and RNS is not perfectly nullified 
by the antioxidant defense systems; some oxidative damage still occurs in healthy 
organisms.  
 
1.2.1 Antioxidants and their relationship with health and diseases 
 
There are two major categories of antioxidants: namely the water-soluble and the 
lipid-soluble antioxidants.  
 
1.2.1.1 Water-soluble antioxidants 
 
One of the most well known and studied water-soluble antioxidant is the L-ascorbic 
acid, which is commonly known as vitamin C. L-ascorbic acid could be easily found 
in our diet, especially from the fruits and vegetables. 
 
The biochemical importance of ascorbic acid is related to its reducing potential. The 
strong reducing potential makes vitamin C an efficient radical scavenger. L-ascorbic 
acid had shown pro-oxidant properties. Theoretically, it could have a damaging pro-
oxidant rather than an antioxidant role if transition metal ions are available. Under 
normal circumstances where little transition metal ions are available, the antioxidant 
effects of L-ascorbic acid should predominate (2).  
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 1.2.1.2 Lipid soluble antioxidants 
 
Lipid soluble antioxidants, which are capable of transferring the radical function from 















R1 = CH3, R2 = CH3, R3 = CH3   α-tocopherols or tocotrienols 
R1 = CH3, R2 = H, R3 = CH3           β-tocopherols or tocotrienols 
R1 = H, R2 = CH3, R3 = CH3           γ- tocopherols or tocotrienols 
R1 = H, R2 = H, R3 = CH3        δ- tocopherols or tocotrienols 
 
 
Figure 1.1 Structure of (A) tocopherol and (B) tocotrienol 
 
 
Vitamin E is a generic form of all tocopherol and tocotrienol derivatives. Tocopherol 
has a phytyl side chain, and tocotrienols has three double bonds in the side chains as 
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in Figure 1.1. The α-, β-, γ-, and δ-tocopherols and tocotrienols differ in number of 
and position of the methyl groups on the chroman ring. In the human, α-tocopherol is 
most abundant, followed by γ -tocopherols. α-tocopherol is the major scavenger of 
free radicals during lipid peroxidation.  It scavenges peroxyl radical intermediates in 
lipid peroxidation and become the less reactive tocopheryl radical. This radical can be 
recycled to α-tocopherol by L-ascorbic acid and ubiquinol (3).  
 
1.2.2 Antioxidants from plants 
 
As mentioned before, the damaging effect of free radicals could be alleviated via the 
intake of dietary antioxidants. Thus, the search for different sources of antioxidants is 
of constant interest and natural sources are more desirable than ever.  
 
Plants produce a wide variety of organic compounds, of which the vast majority are 
not directly involved in growth and development. Such compounds are often referred 
to as ‘secondary metabolites’. Many secondary metabolites provide resistance against 
pathogens and herbivores, as well as reproductive advantages. There is growing 
evidence that secondary metabolites have a host of physiological activities related to 
protection against various forms of environmental stress (5). One kind of secondary 
metabolites is the phenolic compounds which have shown to be potential antioxidants, 
anticarcinogens and cardioprotective agents.  
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1.2.2.1 Antioxidant properties of plant phenolics 
Plants phenolics are known to exhibit antioxidant properties and are characterized as 
aromatic compounds that possess one or more ‘acidic’ phenolic hydroxyl groups. 
Phenolic compounds are excellent antioxidants by virtue of the electron donating 
activity of the ‘acidic’ phenolic hydroxyl group.  
 
Two properties of phenolic compounds account for their radical scavenging 
properties. Firstly, the reduction potentials of phenolics are typically lower than those 
of the oxygen radicals such as superoxide, peroxyl, alkoxyl and hydroxyl radicals. 
This implies that these species will readily oxidize phenolics to their respective 
phenoxyl radicals. Secondly, phenoxyl radicals are generally less reactive than 
oxygen radicals, thus preventing further oxidative reactions (5). 
 
1.2.2.2 Structural requirements for antioxidant activity 
Flavonoids are polyphenolic compounds found naturally in fruits and vegetables. 
They are widely distributed in nature and many claims have been made regarding its 
biological activities. 
 
The general structure of flavonoids is as follows. This is the basic “flavan nucleus”, 
the foundation structure upon which flavonoids are constructed. 
 
 




















Flavonoids with the ortho-dihydroxy (catechol) structure in the B ring are considered 
more active as hydrogen-donating antioxidants than monohydroxy phenolics. This is 
due to the fact that an additional hydroxyl group in the ortho position lowers the one-
electron reduction potential of the phenolic group by approximately 300-400mV, thus 
increases the stability of the corresponding phenoxyl radical. Other important 
structural features for antioxidant activities in flavonoids include the presence of the 2, 
3 double bond on the C ring and hydroxyl groups in the 3 and 5 positions on the C 
and A rings respectively.   
 
1.2.2.3 Classification of flavonoids 
Flavonoids encompass a large group of products that includes chalcones, flavones, 
flavonols, catechins, anthocyanins and proanthocyanidins. They range in structure 
from relatively simple phenols, such as the salicyclic acid, to complex polymers such 
as suberin and lignin.  
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The different classes of flavonoids structures are distinguished by fairly minor 
variations based on the basic “flavan nucleus”. There are eight different basic 
structures of the different classes as below (5): 
 
Anthocyanidins and anthocyanins: 
This is the class of flavonoids that is commonly found in fruits and vegetables as 
these are the pigments that give dark red, blue and purple colors to the plants.   
O
OH




Anthocyanins contain a sugar molecule at position 3. Other positions may also be 
glycosylated.  
 
Proanthocyanidins or condensed tannins: This group of antioxidants contains 
polymers made from multiple flavanols, which could consist of two to ten or more 
subunits. Under acid hydrolysis, the proanthocyanidins will break into cyanidin. 
Oligomeric proanthocyanidins are short chain polymers which are water-soluble. 
They are mainly responsible for astringency in many fruits such as grape skins, 
blueberries and other dark coloured plant parts. Red wine is also well-known for its 
exceptionally high level of proanthocyanidins.   
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 Flavanols: The most common type of 
flavanols is the flavan-3-ol, which has an –
OH group attached to the 3 position of the 
basic flavan skeleton. One of the most 
common flavan-3-ol is catechin which could 
be found in food such as green tea, cocoa powder, red wine and other herbs. 





Flavonols: The basic flavonol skeleton has 
the –OH at position 3 and the =O at position 
4. It also differs from the flavanols by 
having a double bond between carbons 2 and 
3 on the C ring. The most common flavonol, 
quercetin, is found abundantly in many 







Flavones: The flavones resemble the 
structure of flavonols, except for its absence 
of –OH group at the 3 position. Apigenin 
and luteolin are commonly found in plants 
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isomer of flavones. The difference between flavones and isoflavones lies in the 
position of B ring attachment to C ring; the attachment is at the 3 position of C ring 
instead of the usual 2 position on the flavone. High content of isoflavones such as 
genistein and daidzein could be found in soy and other legumes. 
 
1.3 Methods of assessing the total antioxidant capacity 
 
There are several ways to measure the antioxidant capabilities of the antioxidants in 
plants, however such results may not be reflective of the total antioxidant capacities 
(TAC). A mixture of different antioxidants is normally present where each 
antioxidant will interact or influence one another, producing a synergistic antioxidant 
effect.  The antioxidant capacity is not a simple addition or subtraction of the 
individual antioxidant capacities as a result of such synergism. Many studies have 
shown that these antioxidants gave better or different effects when use in combination 
due to synergism, as compared to that from the summation of individual antioxidants 
(6-9). Thus, the antioxidant tests available now only serve to provide an overall 
perspective and information of the antioxidant effectiveness of the crude extract.  
 
1.3.1 Free radical scavenging methods 
 
The more common antioxidant assays are based on the direct reaction of antioxidants 
with the reactive species or oxidant (free radicals) via single electron transfer (eq. 1.3). 
Free radical scavenging antioxidant assays are the most simple antioxidant tests and 
two of most well-known methods are the 2,2-diphenyl-1-picrylydrazyl (DPPH•) and 
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the 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) free radical 
scavenging assays.    
M(n) + A-H → M(n-1) + A-H+   Eq. 1.3 
Both methods determine the free radical scavenging ability of the antioxidant via the 
measurement of the decrease in absorbance. They could be used for both hydrophilic 
and lipophilic antioxidants by dissolving the radicals in different solvents. Assays that 
are capable of assessing both the lipophilic and hydrophilic antioxidants normally 
give different results for the same antioxidant. Antioxidants respond differently in 
different antioxidant assays (10). 
 
1.3.1.1 ABTS radical scavenging assay  
The simplest method to quantify the total antioxidant capacity is based on the 
evaluation of the drop in the absorbance of the ABTS radical cation (ABTS●+), which 
is formed from ABTS in the presence of oxidizing agents.  This method measures the 
total antioxidant capacity as the presence of antioxidants will scavenge ABTS●+. The 
very first few ABTS assays generate ABTS●+ using H2O2 as the oxidizing agent via 
the activation of metmyoglobin. This method gave rise to some possible inaccuracies 
in the results when antioxidants of high reactivities might react with the ferryl 
myglobin radical generated instead of ABTS●+. The direct mixing of the antioxidants, 
ABTS and the oxidizing agents could also give an over estimation of the antioxidant 
capacity of those antioxidants that could scavenge ABTS●+ and inhibit its formation 
at the same time. Thus, post-addition of antioxidants was preferred where the 
ABTS●+ were allowed to form completely before the antioxidants were added (11). 
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These problems were then circumvented through the usage of potassium persulfate or 
manganese oxide as the oxidizing agents. The direct production of the blue/green 
ABTS●+ chromophore through the reaction between ABTS and potassium persulfate 
was thus developed (12). The relative antioxidant capacity of the plant extracts could 
be measured by comparing their ability to scavenge ABTS●+ with a standard amount 
of Trolox or vitamin C.     
 
1.3.1.2 DPPH radical scavenging assay 
Free radical 2,2-diphenyl-1-picrylydrazyl (DPPH●) absorbs at 515 nm and the 
absorbance will drop upon reduction by an antioxidant. DPPH● will extract the H● 
from antioxidant (AH) to form DPPH-H, which do not absorb at 515 nm, resulting in 
the decrease of absorbance at 515 nm. This loss of absorbance could be made relative 
to that obtained using Trolox or Vitamin C, thus allowing for the determination of the 
antioxidant capacity of the sample. The newly formed radical A● could potentially 
react with DPPH● to produce stable molecules such as DPPH-A or A2 via radical 
disproportionation (A● + DPPH● → DPPH-A or A● + A● → A2). Fortunately, such 
reactions are normally uncommon (13).  
 
However, both the free radical scavenging antioxidant assays suffer from non-
specificity in their reaction. Any electron donating species, which are not necessarily 
antioxidants, could react with the radicals, resulting in an over estimation of the 
antioxidant activity.   
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1.3.2 Ferric reducing power (FRAP) assay 
FRAP is based on the reducing power of the antioxidants on ferric ions to ferrous ions 
by measuring the increased absorbance of the formed ferrous ions. The FRAP assay 
had a comparable sensitivity with a concentration range of 0-20 µmol l-1. The 
mechanism behind FRAP assays involved the reduction of ferric ion to a coloured 
ferrous-tripyridyltriazine (TPTZ) complex at low pH, where the absorbance of this 
complex will increase in the presence of antioxidants at 593 nm. Benzie and Strain 
first reported the FRAP assay as an inexpensive, simple and highly reproducible 
method (14). However, any half reaction of a less positive redox potential than the 
FeIII / FeII-TPTZ half reaction could drive the reduction of FeIII-TPTZ, rendering the 
assay non-specific too. Any coloured antioxidants or extracts that absorbs at 593 nm 
might potentially affect or interfere with the results of this assay.  In addition, the 
requirement for a low pH during measurement might also hinder its applications to 
biological systems of physiological pH.  
 
1.3.3 Inhibition methods 
 
The inhibition methods measured the extent of inhibition of the reaction between a 
fluorescence marker (FM) and an oxidizing agent by the antioxidants. The oxidizing 
agent peroxyl radical ROO● was generated in the presence of an initiator, where the 
presence of the antioxidant will prevent the reaction of ROO● with the FM.  
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1.3.3.1 Total Radical Trapping Parameter (TRAP) method 
The TRAP assay was first developed by Wayner et al which serve to measure the 
total antioxidant capacity of plasma or serum. 2,2’-azobis-(2-amidinopropane) 
dihydrochloride (ABAP) generates the peroxyl radicals, which are capable of 
initiating lipid peroxidation. The consumption of oxygen in this process will be the 
measure of the rate of lipid peroxidation, which is an indirect measure of the ability of 
plasma to counteract the reaction. Thus, by the comparison of the inhibition of plasma 
with that induced by a known antioxidant such as Trolox , the plasma antioxidant 
content could be quantified (15). However, this method has problems such as long 
analysis time and inaccurate results due to plasma dilution. Other approaches 
involved the utilization of ABAP to generate peroxyl radicals which could in turn 
damage the protein R-pycoerythrin (R-PE), resulting in a decrease in the fluorescence 
of R-PE. However, a lag time would occur before this fluorescence drops in the 
presence of plasma or serum. (16). This lag time could be compared to that when 
Trolox was used instead of plasma for quantification purposes (17).  
1.3.3.2 Oxygen Radical Absorbance Capacity (ORAC) assay 
ORAC measures the degree to which a sample inhibits the oxidizing agent and the 
duration of the inhibition. This method integrates both the measurements into one, 
thus producing reproducible results for different antioxidants of different strengths. It 
uses 2,2-azobis-(2-aminopropane) dihydrochloride (AAPH) as a ROO● generator or 
Cu2+-H2O as a hydroxyl radical generator, while R-PE is the oxidizable fluorescent 
label. Presence of  antioxidants will inhibit the reaction between AAPH● and R-PE.. 
As the antioxidants get depleted, AAPH• will start to react with R-PE, thus quenching 
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the fluorescence of R-PE. This decay in the fluorescence is measured and  the 
antioxidant capacity of the sample was determined as the difference in the area under 
the curve (AUC) of antioxidant and that of the blank as in Figure 1.2 (18-21).   
 
 
Figure 1.2 Illustration of antioxidant activity determination expressed as the net area under the curve 
(AUC) Figure adapted from Cao et al [18]. 
 
 
1.3.4 Total phenolic contents (TPC) 
 
The poylphenolics content of plants is commonly determined using Folin-Ciocalteu 
method where these polyphenolics are capable of donating hydrogen atoms and 
quench singlet oxygen. The Folin-Ciocalteu reagent is a mixture of phosphotungstic 
acid (H3PW12O4) and phosphomolybdic acid (H3PMo12O4) which is oxidized by the 
phenolic substances, resulting in the formation of molybden-tungsten blue complex. 
Measurement of this complex at 765 nm is an indication of the antioxidant capacity.  
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1.4 Identification of antioxidants in plants 
 
Plants which are consumed in our diet or those having medicinal properties generally 
have antioxidant activities, with some having exceptionally high antioxidant abilities.  
However, the information from the antioxidant assays gives only an idea of the 
overall antioxidant ability of all the antioxidants that are found in the extract, 
probably as a result of synergism, and not that of individual antioxidant. Each 
antioxidant in the extract has different physical and chemical properties and 
researchers are keen to identify the antioxidant individually to have an idea of their 
contribution to the TAC. The identification of such individual antioxidants requires a 
combination of different techniques and tools, which makes it a more complex and 
challenging task than the determination of antioxidant capability.  
 
 
1.4.1 Extraction of antioxidants from plants 
 
Antioxidants are normally trapped in the complex matrices of plants, thus a complete 
extraction of all the antioxidants from the plant simultaneously is virtually impossible. 
Sequential extraction of different solvents of different polarities is normally used as 
different solvent is capable of extracting different types of antioxidants such that all 
the antioxidants are extracted. Certain solvents could also be used as a means to 
remove compounds that cause interference to the antioxidant of interest. Chemical 
modification of these bioactive compounds has to be avoided or minimized as well 
during the extraction process. Thus, optimization of the extraction parameters, such as 
the solvent used, extraction method, duration and temperature of extraction are 
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extremely necessary and important. Ethanol/water, acetone/water and methanol/water 
are common solvents used in the extraction of polyphenolics due to their polar nature. 
 
 
1.4.2 Analysis of antioxidants using chromatographic techniques 
 
Chromatographic technology is now one of the most common techniques used in 
chemical separation and purification. Be it the conventional packed column 
chromatography or the automated high pressure systems, chromatography is now 
capable of carrying out the separation, purification and isolation of pure individual 
compound of interest. Among all the available chromatographic technologies, HPLC 
is now the most common and powerful tool for the analysis of mixtures of complex 
compounds, including antioxidants. Antioxidants, especially the phenolic compounds, 
generally have high polarities, rendering them suitable for reversed phase HPLC (RP-
HPLC), which utilized C18 end-capped silica gel as the stationary phase in the 
column. The elution of antioxidants could be accelerated as the stationary phase will 
retain non-polar compounds in preference to the polar antioxidants. To facilitate the 
elution, more polar solvents such as acidified methanol/water or acetonitrile/water 
were most common solvents used. Gradient or isocratic run could be used depending 
on which of the two actually meets the objectives of the analysis. Some of the 
detectors used in HPLC analysis include refractive index (RI), ultraviolet-visible 
(UV-vis) and fluorescence. Photo Diode Array (PDA) detector is now one of the most 
common detectors used in HPLC systems as it is capable of providing the UV-vis 
spectra of the various compounds in the samples across a range of different 
wavelengths.  Thus, it allows for the selection of the wavelength of the highest 
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absorbance intensity for optimization work. The spectra of flavonoids typically 
consist of two absorption maxima in the range of 240-285 nm (band II) and 300-550 
nm (band I). There are characteristic features in the UV-vis spectra for different 
classes of flavonoids, thus this may serve as a preliminary guide to the identification 
of the antioxidants (22). Standards available on the market could be analyzed using 
the same conditions as that of the sample, where their retention time could be used for 
identification. Spiking of the sample with the suspected potential standard will help 
confirm the identity of the unknown antioxidant as the intensity of the peak will 
increase after spiking.  
 
However, those methods mentioned above might be insufficient if the unknown is 
novel or did not match any of the standards available on the market. Thus, advanced 
analytical tools have to be utilized, usually in combination for effective identification 
of the unknown antioxidants.  
 
1.5 Structural elucidation techniques  
 
One of the more powerful detectors used for identification is the mass spectroscopy 
(MS). The key advantage of MS is the high sensitivity of the instrument, thus only 
sub-milligram sized samples are required for analysis. The molecular ion that 
corresponds to the molecular weight of the sample will be obtained from MS, where 
deprotonated sample will give base peak in the negative ion spectra while protonated 
is in the positive ion spectra. MSn could yield fragmentation pattern information 
which could be useful on the elucidation of the structure. Several types of MS are 
available, such as electron impact (EI), chemical ionization (CI), electrospray 
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ionization (ESI), matrix assisted laser diffraction ionization – time of flight (MALDI-
TOF) and fast atom bombardment (FAB).  ESI is probably the most common type of 
MS used as it is capable of analyzing large, thermally liable and highly polar 
compounds. However, MALDI-TOF is gaining popularity in the analysis of very 
large flavonoids polymers such as tannins (23, 24). The coupling of liquid 
chromatography to MS (HPLC-MS or HPLC-MSn) makes it an even more useful 
analysis tool as separated compounds from LC could be analyzed by MS directly. 
This circumvents the difficulty of meeting the requirement of providing pure samples 
for MS analysis as separation of different compounds could be achieved via HPLC, 
with the MS spectrum provided for each separated compound.   
 
Nuclear Magnetic Resonance (NMR) is the most common technique for structure 
elucidation of novel compounds used by the organic chemist. With the flavonoids 
having a fundamental structure, NMR could be used to determine the oxygenation 
pattern, number and position of the methoxyl groups, distinction of isoflavones, 
flavanones and dihydroflavanols and the number and linkage (α or β-linked) of the 
sugar on the flavonoids. One-dimensional NMR such as H-NMR and C-NMR could 
be used. More information on the positions of substituents could be obtained from the 
two-dimensional NMR which is capable of offering more coupling information (25, 
26). 
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2.1 Materials  
 
2,2’-Azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) (~98%), 1,1-
diphenyl-2-picrylhydrazyl (DPPH) (90%), 2,4,6-tripyridyl-s-triazine (TPTZ) (≥ 98%), 
FeCl3.3H2O (reagent grade, 97%), L-ascorbic acid (99%) and potassium persulfate 
(analytical analar reagent) were purchased from Sigma/Aldrich. Ferrous sulphate 
(FeSO4.7H2O) (99.5%) was from Comak Laboratory while 3’,4’,5,7-
tetrahydroxyflavone (luteolin) was from Spectrum. Trolox 97% (6-hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid) was purchased from Acros Organics. Formic 
acid (98-99%) and Folin-Ciocalteu’s phenol reagent were from Merck, while 
methanol and acetonitrile of HPLC grade were from Tedia.  
 
2.2 Sample preparation 
 
Fresh Pereskia bleo and Rhoeo spathacea leaves were collected from the residential 
garden and the NUS Medicinal plant garden in Singapore respectively. Fresh and 
vacuum fried Salak [Salacca zalacca (Gaert.) Voss] (Pondoh) and Papaya [Carica 
Papaya] (Bangkok) were provided by Dr. Christofora Hanny Wijaya from Bogor 
University Indonesia. The vacuum fried papaya was prepared by prior-freezing it for 
24 hours, followed by pre-treatment using 1% NaCl and 1% citric acid. It was then 
fried at 80oC for 1 hr and 15 mins, with a pressure of 74 mmHg. The vacuum fried 
salak was also prepared in the similar manner as the papaya except that it was fried at 
  25  
1 hr and 30 mins. They were freeze-dried and subsequently blended homogenously 
into a fine powder. Dried Fructus lycii, which was bought from the Chinese Herbal 
store in Singapore, was also freeze dried and grinded before use. All grinded powers 
were kept in the -20oC freezer to minimize degradation.  
 
2.3 Methods of determining antioxidant capabilities and total phenolic 
contents 
 
2.3.1 ABTS radical scavenging assay 
The TAA assay was carried out on a UV-1601 UV-visible Spectrophotometer 
(Shimadzu), using UVProbe version 1.01. 
ABTS●+ was generated by reacting 2,2’-azino-bis-(3-ethylbenzothiazoline-6-sulfonic 
acid) (7.4mM) with potassium persulphate (2.6mM). The solution was diluted to 
obtain an absorbance of 2-2.4 at 414 nm with HCl pH 4.5 before use. 30 μL of the 
extract was added to the ABTS●+ solution (3.0mL) and mixed briefly. The reaction 
mixture was kept at room temperature for 1 hour in the dark and the change in 
absorbance was recorded at 414 nm. L-ascorbic acid solutions of the concentration 
0.5, 1.5 and 2.5mM was prepared in 2% acetic acid solution and assayed under the 
same conditions. The gradient (R) of the calibration curve is calculated as change of 
absorbance (∆AAA) / difference in concentration of the L-ascorbic acid used (cAA). 
The results were expressed in terms of L-ascorbic acid equivalent antioxidant 
capacity [TAA, mM L-ascorbic acid per 100 g of dry weight]. 
  TEAC (mg/mL) =  ∆A x 1/R x ν x                                                               1     00                                                                                    w 
  26  
where ∆A is the change in absorbance after addition of fruit extract, R is the gradient 
of the calibration curve, ν is the volume of filtrate (mL) and w is the weight of sample 
used for extraction (g). 
 
2.3.2 DPPH Radical Scavenging Activity Assay 
DPPH● solution (2 mM) was prepared by dissolving 0.394 mg of 1,1-diphenyl-2-
picrylhydrazyl in 500 mL of 100% Isopropanol (IPA). The solution was diluted to 
give an absorbance of 1.8-2.2 before use. 30 μL of the extract was added to 3 mL of 
the DPPH● solution and the reaction mixture was left at room temperature for 1 hour 
in the dark, and the absorbance was recorded at 515 nm. Trolox standard solution in 
ethanol was prepared in the concentration range of 0.5, 1.0, 2.5, 5 and 10 mM and 
assayed under the same conditions. The results were expressed in terms of Trolox 
equivalent antioxidant capacity [TEAC, mM Trolox equiv per 100 g of dry weight]. 
2.3.3 Ferric Reducing Antioxidant Power (FRAP) Assay 
 
The FRAP reagent contained (10 volumes of 0.3M acetate buffer, pH3.6 + 1 volume 
of 10 mM TPTZ in 40 mM HCl + 1 volume of 20mM FeCl3.3H2O) were mixed 
thoroughly. Three mL of the FRAP reagent was mixed with 40 μL of the plant extract 
and the mixtures were incubated at 37oC for 1 hr in the dark before making 
absorbance readings at 593 nm. A standard curve was established with aqueous 
solutions of FeSO4.7H2O in the range of 0-8000 uM. 
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2.3.4 Determination of Total Phenolic Contents  
Total Phenolic Contents (TPC) was determined using Folin-Ciocalteau reagent which 
was diluted 10-fold with deionised water. Gallic acid standard solution (2.0 mg/mL) 
was prepared by accurately weighing 0.01 g and dissolving in 50 mL of deionised 
water. The standard solution was diluted to give concentration of 1.5, 1.0, 0.5, 0.2 and 
0.1 mg/mL working standard solutions. Forty μL of the extract was mixed with 1.8 
mL of the Folin-Ciocalteu reagent and allowed to stand at room temperature for 5 
mins; 1.2 mL of sodium bicarbonate (7.5%) was added to the mixture. The 
absorbance of the mixture was measured at 765 nm after incubation in the dark for 1 
hour. Increases in absorbance upon addition of different concentrations of gallic acid 
were used to obtain the calibration curves. The results were expressed as mg/g gallic 
acid equivalents (GAE). 
 
2.4 Preparation of the crude extracts of Pereskia bleo, Rhoeo spathacea 
and Fructus lycii 
2.4.1 Double solvent and successive two solvents extraction  
The powdered plant materials were subjected to solvent extraction. The agitation 
extractions were carried out using the Vortex Genie 2 (Scientific Industries) at room 
temperature in triplicates. For double solvent extraction, approximately 1.0 ± 0.1 g of 
each sample was weighed into the 50 mL centrifuge tube and was extracted with 30 
mL of a mixture of ethanol : n-hexane (1:1), or a mixture of methanol : 
dichloromethane (1:1). The plant material was extracted twice using 30 mL of the 
solvent mixture for a total of 40 min, followed by 20 ml for another 30 mins. For 
every 10 mins, the mixture would be centrifuged; the 2 phases separated and 200 μL 
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of each solvent was removed for the antioxidant assays. The remaining volume was 
measured and the solvent mixture was added back to the sample for extraction. This 
is repeated until the 40th or 30th min of extraction and the different solvent phases will 
then be kept. For each solvent mixture, the experiment was repeated thrice. 
The volume and agitation time were kept the same as that using the double solvents in 
the successive two solvents method. Fifteen mL of a solvent was used in the 
extraction followed by 15 mL of the other solvent in a successive manner. The 
successive two solvents method was carried out in two different ways, method a and 
method b. Polar solvents were added first followed by non-polar in method a while 
the reversed way was carried out in method b. Both orders of extraction were 
executed in a successive manner. For example, using method a, 15 ml of methanol 
was added to approximately 1.0 ± 0.1 g and extracted for 10 mins on the vortex 
shaker. The mixture is then centrifuged, and 200 μL was then removed. This 
continued till the 40th min, where the solvent will then be kept. 15 mL of 
dichloromethane will then be added into the same plant sample for extraction.  Each 
plant sample was extracted twice at room temperature on the vortex for 40 mins using 
fresh solvent. Ten mL of fresh solvent was used for the last 30 minutes of extraction. 
All the samples will be subjected to the various antioxidant assays.  
2.4.2 Soxhlet and shaker extraction 
Soxhlet extraction was carried out using 200 mL of 3 different solvents (deionised 
water, acetone and n-hexane) on 1.0 ± 0.1 g of each plant sample using the traditional 
laboratory soxhlet apparatus for a time period of 5 hours. To compare the efficiency 
of soxhlet method to that using the Vortex agitator, 1.0 ± 0.1 g of the plant sample is 
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also subjected to Vortex extraction using 15 mL of the solvent for 40 mins followed 
by 30 mins using 10 mL of solvent. Samples were assayed for their antioxidant 
activities every hour in soxhlet extraction and 10 mins for agitator extraction. 
A simplified schematic diagram of the various extraction methods involved is shown 
in Figure 2.1. The polar extracts were subjected to all four antioxidant assays while 
the non-polar extracts were subjected to only two antioxidant assays: DPPH● 
scavenging activity assay and the total phenolic contents determination. 
 
Dual solvent method 
3 consecutive times 
Two solvents successive 
method 
3 consecutive times 
Soxhlet Vortex shaker
Hexane, acetone & 
water 3 solvent pairs 
1. MeOH-DCM (1:1) 
2. EtOH-Hexane (1:1) 
3. Acetone-water (7:3)   Method a a1: MeOH, DCM 
a2: EtOH, Hexane 
Method b 
b1: DCM, MeOH 























Figure 2.1 Different extraction methods  
 
2.5 Preparation of Salak [Salacca zalacca (Gaert.) Voss] (Pondoh) and 
Papaya (Carica Papaya) (Bangkok) extracts 
2.5.1 Soxhlet and shaker extraction 
Soxhlet extraction was carried out using 200 mL of two different solvents (deionised 
water and acetone) on 1.0 ± 0.1 g of each plant sample using the laboratory Soxhlet 
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apparatus for a time period of 5 hours. To compare the efficiency of Soxhlet method 
to that using the Vortex agitator, 1.0 ± 0.1 g of the plant sample was also subjected to 
Vortex extraction using 15 mL of the solvent for 10 mins followed by another 10 
mins using 10 mL of solvent. The combined samples were assayed for their 
antioxidant activities. The extracts were filtered using 0.45 μm cellulose acetate 
membrane and evaporated to dryness using the rotary evaporator and vacuum oven.   
 
 
2.6 Statistical analysis 
 
Results were expressed as mean value ± standard deviation. Means of the 3 
measurements were compared, using significance level of P < 0.05, by one-way 
analysis of variance (ANOVA) using SPSS, version 12.0. To access the relationship 
between the activities between the activities of the four assays, Pearson’s correlation 
coefficients were calculated. 
 
2.7 HPLC analysis of antioxidants 
 
The HPLC system is a Shimadzu HPLC (Kyoto, Japan) which comprised of two 
pumps (LC-10AT), a degasser (DGU-14A), an automated fraction collector (SCL-
10A) and a diode array detector (DAD) (SPD-M10A), and the software is the class-
VP software (version 6.14 SP2). Separation was carried out on a Shim-Pack VP-ODS 
column (250 x 4.6 mm i.d., Shimadzu, Kyoto, Japan) with a guard column (GVP-
ODS, 10 x 4.6 mm i.d.). Binary run was used at a total flow-rate of 1 ml/min, where 
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mobile phase A is 0.1% formic acid / water (Millipore grade) and B is 100% 
Methanol (HPLC grade) at oven temperature of 30oC.  Solvent could be replaced with 
100% acetonitrile. All mobile phases were degassed for 15 mins before usage. The 
solvent from the crude extracts were removed using the rotary evaporator and dried in 
the vacuum oven at 45oC for complete drying. The dried samples were then 
reconstituted in Millipore water in volumetric flask and filtered through a 0.45 μm 
membrane filter before HPLC analysis.  
  
2.7.1 Analysis of antioxidants in Pereskia bleo, Rhoeo spathacea and Fructus lycii  
2.7.1.1 Methanol method 
The mobile phase used was 0.1% formic acid (v/v) (solvent A) and methanol (solvent 
B), using a gradient starting with 30% (B), increasing to 38% (B) at 30 min and to 
70% (B) at 35 min and maintained at 70% (B) until 37 min. It then decreased back to 
30% (B) at 40 min, with another 15 mins of column reconditioning. Detection was at 
280 and 320nm. 
2.7.1.2 Acetonitrile method 
The mobile phase used was 0.1% formic acid (v/v) (solvent A) and acetonitrile 
(solvent B), using a gradient starting with 5% (B), increasing to 20% (B) at 10 min, to 
50% (B) at 40 min and to 60% (B) at 45 min and 70% at 50 min. It is then maintained 
at 70% (B) until 52 min. It then decreased back to 5% (B) at 55 min, with another 5 
mins of column reconditioning. Detection was at 280 and 320nm. 
  32  
2.7.1.3 Preparation of sample for spiking test  
One hundred μL of extract and 400 μL of ABTS●+ (in HPLC water) or DPPH● (1.08 
g/mL in HPLC methanol) concentration were mixed and allowed to react for 1 hour 
before passing it through 0.45 μm filter for HPLC analysis.  
2.7.2 Isolation of pure compounds from the water extract of Rhoeo spathacea 
using the fraction collector 
Five major antioxidant peaks of the water extract of Rhoeo spathacea was collected 
using the Shimadzu fraction collector (FRC-10A) on the HPLC system.   Using the 
methanol run conditions in Section 2.7.1.1, 5 compounds of retention times 5.1, 7.0, 
9.3, 11.5 and 13.1 min were collected. The peaks were collected by means of repeated 
collection and the corresponding peaks were combined. Purity was checked on the 
HPLC using the same gradient run as collection.  
 
2.7.3 Analysis of antioxidants in Salak [Salacca zalacca (Gaert.) Voss] (Pondoh) 
and Papaya (Carica Papaya) (Bangkok)  
The mobile phase used was 0.1% formic acid (v/v) (solvent A) and methanol (solvent 
B), using a gradient starting with 30% (B), increasing to 38% (B) at 30 min and to 
50% (B) at 35 min. It then decreased to 38% till 37 min and to 30% till 40 min. 
Detection was at 280 and 320nm. 
One hundred μL of extract and 400 μL of ABTS●+ concentration (in HPLC water) or 
DPPH● concentration (1.08 g/mL in HPLC methanol) were mixed and allowed to 
react for 1 hour before passing it through 0.45 μm filter for HPLC analysis. 
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2.8 Purification, isolation and identification of antioxidants of Rhoeo 
spathacea 
2.8.1 Solid Phase extraction  
The extract was subjected to solid phase extraction using a reverse-phase C18 column 
(Isolute) that has been activated with methanol and conditioned with pure water. The 
dried extract was diluted with 10 mL of HPLC water and 500 uL of it was introduced 
into column. Every 3 – 5 drops of the elution was collected. Three mL of 10% MeOH 
was used to elute some of the organic acid and sugar, followed by 3 mL of 30% 
MeOH and 3 mL of 50% MeOH. The fractions were injected for HPLC analysis. 
2.8.2 ESI-MS and HPLC-DAD-ESI-MS analyses of antioxidants 
A Finnigan/MAT LCQ ion trap mass spectrometer (San Jose, CA, USA) equipped 
with TSP 4000 HPLC system, which includes UV6000LP PDA detector, P4000 
quaternary pump and AS3000 autosampler was used. The heated capillary and spray 
voltage were maintained at 250oC amd 4.5 kV, respectively. Nitrogen was operated at 
80 psi for sheath gas flow rate and 20 psi for auxiliary gas flow rate. The full scan 
mass spectra from m/z 50 – 2000 were acquired both in positive and negative ion 
mode with a scan speed of 1 s per scan. Tandem mass spectrometry was performed 
using helium as collision gas, operated at 0.8 mtorr, and the collision energy was set 
from 25 – 80% and 30 – 50% was found to be suitable to obtain extensive fragment 
ions of antioxidants in Rhoeo spathacea.  
For the HPLC-DAD-ESI-MS assay of extract, the instrument was set to measure the 
following events: (1) UV chromatogram at 280 nm, which is the wavelength usually 
used to monitor phenolics; (2) UV spectra of individual peaks; (3) TICs; (4) MS-MS 
was used to break down the most abundant [M+H]+ or [M-H]-. Chromatographic 
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separations were carried out on a Shim-Pack VP-ODS column (250x4.6 mm i.d., 
Shimadzu, Kyoto, Japan) with a guard column (GVP-ODS, 10 x 4.6 mm i.d.). Binary 
run was used at a total flow-rate of 1 ml/min, where mobile phase A is 0.1% formic 
acid / water (Millipore grade) and B is 100% Methanol (HPLC grade).    
2.8.3 NMR spectroscopic analysis of pure isolated compounds 
NMR spectra were acquired using Bruker DPX300, AC300 and AMX500 
spectrometer. Samples are dissolved in acetone-d6, and reference to the residual 
solvent resonance at δH = 2.05 ppm or δC = 29.9 and 206.7 ppm. 
 




OPTIMIZATION OF THE EXTRACTION PARAMETERS OF 
RHOEO SPATHACEA (COMMELINACEAE), PERESKIA BLEO 




3.1 Introduction  
 
3.1.1 Rhoeo spathacea (Commelinaceae)  
 
Figure 3.1 Picture of Rhoeo spathacea 
 
Rhoeo spathacea or “Moses-in-the-cradle” belongs to the Commelinacea family, is a 
fleshly rhizomatous herb native to Mexico that has lance-shaped dark green leaves 
with deep purple tone underneath, and small insignificantly white flowers of boat-
shaped bracts as shown in Figure 3.1. There were previous studies that identified two 
distinctive anthocyanin patterns in the Commelinaceae, where a common pigment, 
the tricaffeoyl 3,7,3’-tri-glucosides, was found in the leaves and flowers of spathacea 
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(1). The actual structure of the anthocyanin in Rhoeo spathacea was then confirmed 
by Idaka, Ogawa, Kondo & Goto (1987) as rhoeonin as shown in Figure 3.2, which 
contain ferulic acid on the acyl group of the glucose attached at position 3, 7 and 3’ 




















R1   =
 
Figure 3.2 Structure of rhoeonin 
 
3.1.2 Pereskia bleo DC. (Cactaceae) 
As the search for more potent medicinal plant continues, there has been a growing 
interest in tropical plants that could be commonly found in the Southeast Asia region. 
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One of such less unexplored plant is Pereskia bleo DC. (Cactaceae), commonly 
known as the ‘jarum tujuh bilah’ by the Malaysians, and belongs to the botanical 
family Cactaceae. It can grow up to 9 feet tall but can also be pruned and keep as a 
bushy shrub. Some characteristics include its woody, spiny stems, pale green leaves 
and creamy orange flowers followed by yellow fruits. It thrives under tropical 
weather conditions, and though it is native to Tropical America, it can also be found 
widely in the South-east Asia region, particularly in Malaysia and Singapore. This is 
a folk used medicinal plant either eaten raw as leaves or taken as a concoction brewed 
from dried leaves. The anti-tumor, anti-rheumatic, anti-ulcer and anti-inflammatory 
activities of Pereskia bleo extracts had been evaluated (3). Methanol extract had 
exhibited cytotoxicity activities against human breast carcinoma cell line T-47D due 
to the presence of bioactive compounds that could possibly induce the carcinoma cell 
apoptosis via the activation of the caspase-3 and c-myc pathways (4). However, little 
is known about its antioxidant capabilities thus this study will explore its antioxidant 
properties.  
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Figure 3.3 Picture of Pereskia bleo 
 
3.1.3 Fructus Lycii (Lycium barbarum) 
Fructus lycii, commonly known as wolfberry, is also known as “Gou-Qi-Zi” in 
Chinese. This is the ripe fruit of the plant Lycium barbarum L. It has a long history of 
applications as a valuable tonic medicine and applications as a health food 
supplement. Due to its strong reputation as being beneficial for the vision, the usage 
of Fructus lycii remains as the key ingredient in Chinese herbal remedies for the eye. 
Other beneficial properties include nourishing the blood, enriching the yin, tonifying 
the kidney and liver, and moistening the lungs (5). Several types of antioxidants, 
including carotenoids, vitamins, fatty acids, polysaccharides and betaine have been 
isolated and identified (6-8). Particularly, wolfberry is reported to be rich in 
zeaxanthin, around 90% of which is in the form of the ester, zeaxanthin dipalmitate 
(9). Much of the studies on the extraction of antioxidants from Fructus lycii had 
focused on the use of hexane and dichloromethane to extract zeaxanthin. However, 
there have not been reports of other antioxidants extracted using polar solvents other 
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than ethyl acetate. Thus, it is of interest for us to explore other potential solvents that 
could yield higher antioxidant activities.  
 
 
3.1.4 Objectives of the study 
Each plant sample will be subjected to soxhlet and shaker extraction to study the 
effect of heat and mechanical shaking on the efficiencies of extraction. Although 
there is a common belief that soxhlet would be better than shaker extraction due to 
the use of heat in soxhlet extraction, soxhlet generally need a longer extraction time 
than shaker extraction. Thus, there is a need to compare the efficiency of extraction. 
In addition, solvents with varying polarity would also be investigated. The common 
extraction method is to extract samples with different solvents sequentially. However, 
little had been done when two solvents of different polarities are used simultaneously 
for extraction.  Thus, the effect of carrying out extraction using two solvents 
simultaneously in one system (double solvent method), and the successive two 
solvents method using immiscible solvents will be explored. The sequence of the 
addition of solvent would also be reversed to investigate the effect of the sequence on 
the extraction results. Preliminary results of the antioxidant abilities using the various 
extraction methods and solvents will provide more information on the antioxidant 
abilities of these plants and their potential beneficial contribution to our health. 
 
3.2 Optimization of the extraction parameters 
 
The antioxidant activities of the polar extracts of all 3 plants were systematically 
assessed using the DPPH, ABTS radical scavenging assay, ferric reducing antioxidant 
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power assay and total phenolics contents (TPC) determination assay. Only the DPPH 
radical scavenging ability assay was carried out on the non-polar extracts. The use of 
different solvents of varying polarity aimed to extract antioxidants of different 
polarity as antioxidants containing the more polar functional groups should have 
stronger affinity for polar solvents, while those of lipophilic nature such as 
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 3.2.1 Comparison of the antioxidant activities between soxhlet and shaker 
extraction 
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Figure 3.4 Antioxidant activities of the 3 plants between soxhlet and shaker extraction (A) based on 
their abilities to scavenge ABTS free radicals; (B) Ferric Reducing Antioxidant Power; (C) Total 
phenolic content (D) ability to scavenge DPPH free radicals (n=3, error bars represent standard 
deviation).   
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 Figure 3.4 showed the variations in the antioxidant activities across different solvents 
using either soxhlet or shaker extraction. The polar extracts using water and acetone 
as extraction solvent were subjected to analysis using ABTS●+, DPPH● scavenging, 
FRAP and TPC assays.  Due to the non-polar nature of the antioxidants in hexane 
extracts, only the DPPH● scavenging assay was to investigate the antioxidant activity 
of the hexane extract. Water had shown to be the most effective solvent in all the 3 
plants in this study. This is applicable to both the soxhlet and shaker extraction 
methods. The next best solvent was acetone. This result indicated the presence of 
high level of water soluble antioxidants or polyphenolics in the 3 plants of interest. 
For Rhoeo spathacea, soxhlet using water as the extraction solvent gave significantly 
higher antioxidant activities than shaker extraction in all assays at significance level P 
< 0.05, such that P=0.00097, F=431790 on the ABTS free radical scavenging ability; 
P=0.0024, F=418 on the FRAP assay; P=0.0004, F=2444 on the DPPH free radical 
scavenging assay and P=0.00013, F=7595 on the total phenolic content assay. In the 
case of Pereskia bleo, no significant difference in the antioxidant activities was 
observed between soxhlet and shaker extraction from the 4 antioxidant assays. This 
was applicable to all the solvents used. This could aid in the extraction of those 
antioxidants that are embedded within the plant matrices, which possibly explain for 
the shaker extraction producing comparable results to that of soxhlet. For Fructus 
lycii, some variations were seen across the 4 assays. For the water extract, soxhlet 
gave higher antioxidant activities than shaker in ABTS with a P=0.0228, F=43 and 
P=0.0016, F=611 on the DPPH assay, while the reversed results were seen in the 
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FRAP assay (P=0.035, F=27). The same phenomenon was seen for acetone extracts. 
Thus, no conclusions could be made on the method (soxhlet or shaker) that was best 
suited to extract antioxidants from Fructus lycii. The measurement of the 
consumption of DPPH radical allows for the determination of the ability of the 
antioxidants to donate hydrogen atoms or electrons to the radical, forming a non-
radical form DPPH-H. The FRAP assay, on the other hand, measured the ability of 
the antioxidant to reduce ferric complex to ferrous form. Since the assays were based 
on different principles, this could account for the differences seen in the results 
produced by different assays. Despite of that, good correlation had been observed 
between FRAP and DPPH assays in some studies, indicating that most radical 
scavenging antioxidants had reducing power too (10). No significant differences were 
observed between the TPC results of soxhlet and shaker extraction. Soxhlet extraction, 
though possessing many disadvantages, is still commonly used for the extraction of 
antioxidants as it continued to produce reasonably good efficiencies and results (11-
13). Water was proven to be most effective among the three solvents studied, 
indicating the presence of high level of water soluble antioxidants. Other studies also 
found water to be highly effective as an extraction solvent for polyphenols (14, 15).  
3.2.1.2 Optimization of extraction time   
With the determination of the optimum conditions for the different plants as in 
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 TEACDPPH (mg Trolox equiv / 100g DW) against time of extraction / 
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Figure 3.5: Plot of DPPH● scavenging abilities against time of extraction for water extract (Rhoeo 
spathacea, A: shaker extraction; B: soxhlet extraction) 
 
The antioxidant activities based on the DPPH● scavenging abilities of the water 
extracts of Rhoeo spathacea was studied with time as shown in Figure 3.5. Similar 
profile was exhibited in all the plants and the other antioxidant assays. The DPPH● 
scavenging abilities generally stabilized from 10 min onwards using the shaker at 
about 1700 mg Trolox equiv / 100g DW sample, indicating that the optimum time of 
extraction could be less than 10 min. In the case of soxhlet extraction, the DPPH● 
scavenging abilities was around 11000 mg Trolox equiv / 100g DW sample after 1 hr 
of extraction. Thus, the optimum time for soxhlet extraction could be less than 1 hr. 
Any prolonged extraction after these timings was unnecessary. Further optimization 
within the first hour of soxhlet extraction at an interval of 10-20 min could enhance 
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 3.2.2 Antioxidant activities using the double solvent extraction method  
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Figure 3.6 Antioxidant activities of the 3 plants using double solvent extraction (A) based on their 
abilities to scavenge ABTS free radicals (B) Ferric Reducing Antioxidant Power; (C) Total phenolic 
content; (D) ability to scavenge DPPH free radicals (n=3, error bars represent standard deviation). 
Three solvent pairs a, b and c are investigated, where a = MeOH : DCM (1:1), b = EtOH : Hexane (1:1) 
and c = Acetone : H2O (7:3). The polar (MeOH and EtOH) fraction is separated from the non-polar 
(DCM and hexane) fraction in solvent pairs a and b and tested for their antioxidant activities.  
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 The solvent used for extraction is a major parameter to study in the optimization 
process. All solvents were used in pairs during extraction, namely immiscible solvent 
pairs a = MeOH : DCM (1:1), b = EtOH : Hexane (1:1) and another unique pair of 
miscible solvent pair c = Acetone : H2O (7:3) . Polar (MeOH and EtOH) fractions 
from each solvent pair or solvent (acetone/H2O) were tested for their antioxidant 
activities using ABTS, DPPH, TPC and FRAP while the non-polar (DCM and hexane) 
fractions were tested using DPPH assay only. In Figure 3.6, Rhoeo spathacea showed 
significantly higher antioxidant activities than the other two plants and polar solvents 
extracted more antioxidants than the non-polar ones, which agree with the trends seen 
in section 3.2.1.1. Statistical analysis was conducted to study the means of various 
solvents at significance level of P < 0.05. MeOH extract showed significantly higher 
antioxidant activities than the EtOH extract on the ABTS (P = 0.0119, F = 83), FRAP 
(P = 0.0046, F = 217) and TPC (P = 0.0496, F = 19) assays. However, no statistical 
difference was observed between the MeOH and EtOH extract in the DPPH assay. 
Acetone/H2O extract gave no significant difference from MeOH and EtOH extracts. 
In the case of Pereskia bleo, no statistical differences were observed between the 
solvents in the antioxidant assays except for the total phenolic content, where the 
acetone/H2O extract was significantly higher than the EtOH extract (P = 0.00176, F = 
566). Thus the polar solvents were comparable in extraction. For Fructus lycii, EtOH 
showed significantly higher antioxidant activities than acetone/H2O extracts on all 
four antioxidant assays (ABTS: P = 0.0159, F=61; FRAP: P = 0.00391, F = 254; TPC: 
P = 0.00028, F = 3632; DPPH: P = 0.0208, F = 46). EtOH was a suitable extraction 
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for Fructus lycii. Higher antioxidant results were also observed for EtOH when 
compared to MeOH with a significance level P = 0.0022, F = 452 on the FRAP and P 
= 0.00239, F = 417 on TPC. Where non-polar solvents such as hexane and DCM 




3.2.2.2 Optimization of extraction time 















































Figure 3.7: Plot of total phenolic content against extraction time for the 3 sets of extraction of MeOH 
using MeOH : DCM (1:1) as extraction solvent (Rhoeo spathacea) 
 
The same sample was extracted sequentially 3 times, and all showed stabilization 
after 10 min of shaking using the double solvent method. The optimum time of 
extraction was expected to be less than 10 min. Similar trend was exhibited in the 
other antioxidant assays too. Such high efficiencies could be due to the large surface 
area to volume ratio of the finely blended plant material powder, which attributed to 
the fast diffusion of the antioxidants into the solvents. Thus, 10 min of shaking was 
  50  
deemed sufficient to obtain the maximum amount of antioxidants from Rhoeo 
spathacea using the double solvent method. Similar profile was observed across all 
the plants and antioxidant assays. 
 





















































































































































































































Figure 3.8 Antioxidant activities of the 3 plants using successive two solvents extraction (A) based on 
their abilities to scavenge ABTS free radicals; (B) Ferric Reducing Antioxidant Power; (C) ability to 
scavenge DPPH free radicals; (D) Total phenolic content (n=3, error bars represent standard deviation). 
Extraction methods using different sequence of solvents are investigated where method a = extraction 
using polar solvent followed by non-polar solvent in a successively manner for 3 cycles; method b = 
extraction using non-polar solvent followed by polar solvent in a successively manner for 3 cycles; 1 = 
MeOH and DCM were used; 2 = hexane and EtOH were used 
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 Figure 3.8 showed the antioxidant activities using method a, which is successive 
extraction method using polar solvent followed by the non-polar solvent, and method 
b which was a similar method which reversed the order of solvent for extraction. 
Extracts using polar solvents exhibited higher antioxidant activities than non polar 
ones, which was consistent with the results from that using soxhlet and double solvent 
extraction. No significant differences were observed between both the successive two 
solvents methods a and b for Rhoeo spathacea. This was observed similarly in 
Fructus lycii. Thus, the sequence of the solvent used had no impact on the antioxidant 
activities. For Pereskia bleo, some differences were observed between the two 
methods of extraction. The MeOH extract of method a1 which used MeOH followed 
by DCM in the extraction gave significantly higher antioxidant activity than that of 
method b1 which used DCM followed by MeOH. This was exhibited in the DPPH● 
scavenging assay (P=0.002, F=418). Where other solvents were concerned, no 
significant differences were seen between method a and b. Thus, the sequence of the 
solvent used was not important when two solvents were used successively during 
extraction. Comparing the results from the polar solvent extract such as methanol or 
ethanol solution with that reported by Leong & Shui, these values are on the high to 
extremely high side of the assays, rendering the plants potential natural sources of 
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3.2.4 Comparison between the double and successive two solvents extraction 
methods 
 
Table 3.1 Comparison of each solvent between double solvent extraction method and successive two 
solvents method on the ABTS, DPPH, FRAP and TPC assays at significance level of p < 0.05 for 
Rhoeo spathacea 
Extraction           solvent     ABTS                  FRAP                   TPC                   DPPH  
method                                               
Double vs a       MeOH  d > a, P=0.0362         -             d > a, P=0.0418       -                                           
      EtOH        -                            -                          -                     d > a, P=0.0122      
            DCM                                                   d > a, P=0.0209                                            
 
Double vs b       MeOH             -         -             d > b, P=0.00499        -                        
d = double solvent extraction method 
a = successively two solvents method using polar solvent followed by non-polar solvent  
b = successively two solvents method using non-polar solvent followed by polar solvent 
- = no significant difference between the methods at P < 0.05 
 
The antioxidant activities of the extract from the double solvent extraction method 
and the successive two solvents method were compared statistically at a significance 
level of P < 0.05 by analysis of variance (ANOVA). The antioxidant activities of 
extract obtained using the same solvent from each method were compared. The 
solvent pairs MeOH : DCM (1:1) and EtOH : hexane (1:1) from the double solvent 
extraction method were compared to successive two solvents method a (MeOH 
followed by DCM, EtOH followed by hexane) and b (DCM followed by MeOH, 
hexane followed by EtOH). Antioxidant activities of extracts obtained by polar 
solvents (MeOH and EtOH) using the double solvent method would be compared 
with the same solvent in successive two solvents methods a and b, where method a 
was extraction using polar solvent followed by non-polar solvent and vice versa for 
method b. Table 3.1 showed the results of the statistical analysis of the significance 
differences of a solvent used in the double solvent extraction method compared to 
that in successive two solvents methods for Rhoeo spathacea. Only those solvents 
  54  
that exhibited significance difference at P < 0.05 were shown with their P values in 
Table 3.1. In Table 3.1, the double solvent extraction method gave significantly 
higher antioxidant activities than the successive two solvents method a in ABTS and 
TPC assays for MeOH, and DPPH assay for EtOH and DCM. For MeOH, the double 
solvent extraction was also significantly higher than successive two solvents method 
b (TPC assay).   
 
Table 3.2 Comparison of each solvent between double solvent extraction method and successive two 
solvents method on the ABTS, DPPH, FRAP and TPC assays at significance level of p < 0.05 for 
Fructus lycii 
Extraction           solvent     ABTS                  FRAP                   TPC                   DPPH  
method                                               
Double vs a        EtOH        -                d>a, P=0.0033        d>a, P=0.0054                 -                  
                                                
Double vs b       MeOH             -         -                       -               b>d, P=0.0151           
                 EtOH              -           d>b, P=0.0080       d>b, P=0.0077          b>d, P=0.0104                        
d = double solvent extraction method 
a = successively two solvents method using polar solvent followed by non-polar solvent  
b = successively two solvents method using non-polar solvent followed by polar solvent 
- = no significant difference between the methods at P < 0.05 
 
For Fructus lycii, Table 3.2 showed higher antioxidant activities for the double 
solvent extraction method than the successive two solvents method a and b in the 
EtOH extract according to the FRAP and TPC assays. When successive two solvents 
method b was compared to the double solvent method, method b gave higher 
antioxidant activity for MeOH and EtOH in DPPH assay.  No significant differences 
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Table 3.3 Comparison of each solvent between double solvent extraction method and successive two 
solvents method on the ABTS, DPPH, FRAP and TPC assays at significance level of p < 0.05 for 
Pereskia bleo 
Extraction           solvent     ABTS                  FRAP                   TPC                   DPPH  
method                                               
Double vs a        MeOH    d>a, P=0.0107         -                  -                         -     
                                                              
Double vs b       MeOH             -     b>d, P=0.012       -               b>d, P=0.0355           
                EtOH               -                  -                      -                        b>d, P=0.0445                        
d = double solvent extraction method 
a = successively two solvents method using polar solvent followed by non-polar solvent  
b = successively two solvents method using non-polar solvent followed by polar solvent 
- = no significant difference between the methods at P < 0.05 
 
As in Table 3.3, Pereskia bleo using MeOH in the double solvent extraction gave 
significantly higher antioxidant activities than the successive two solvents method a 
on the ABTS assay. Successive two solvents method b was higher than the double 
solvent method for MeOH on the FRAP and DPPH assays. This was seen for EtOH 
on the DPPH assay too. No antioxidant activities had been reported on Pereskia bleo, 
rendering it as one of the most potential plants for further study. As reported by 
Katsube  et al. (2004), medicinal plants exhibited higher antioxidant activities than 
non-medicinal ones, and our results supported their findings too (17).  
It was inconclusive as to which of the 2 extraction methods: the double solvent 
method or the successive two solvents method, was more effective. The method of 
extraction does affect the antioxidant activities to a certain extent. In certain assays, 
the double solvent extraction method was more effective than the successive two 
solvents method. No or little studies had been conducted to study the effects or the 
benefits of using two or more solvents simultaneously during extraction till date. The 
double solvent method might be a good alternative to the successive two solvent 
method as it could reduce the extraction time. However, double solvent method 
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normally suffered from the limitations of solvent choice as only immiscible solvents 
could be used.  
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Figure 3.9 Correlation between antioxidant activities obtained from Ferric Reducing Antioxidant 
Power (FRAP) and Total Phenolic Content (TPC) assays.  
 
We used a regression analysis to correlate the results of the four assays. Figure 3.9 
summarizes the results of the antioxidant activity measured by the FRAP and TPC 
methods. Other correlation plots were shown in Appendix 1-5. Direct comparison of 
the results from the 4 antioxidant assays is difficult due to the different chemical 
references and solvent used. The influence of solvent in the antioxidant assays was 
studied and different solvents were found to affect the assays performance. The 
influence of solvent on various antioxidant assays found possible interfering effect 
from the solvent and thus comparison between results from assays should be made 
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preferably when the measurement was made in the same solvent (18). Thus, with the 
use of isopropyl alcohol in the DPPH assay, some variations in the results were 
observed between the DPPH and other aqueous based assays. Despite of this, strong 
correlation was still observed between the various assays. The strongest correlation 
coefficient was exhibited between the FRAP and TPC assays (R = 0.971), followed 
by that between the ABTS and TPC (R = 0.966) which is very similar to that between 
ABTS and DPPH (R = 0.959). ABTS and FRAP had a correlation coefficient in the 
middle range of 0.933 and that of DPPH and FRAP was 0.917. The correlation 
coefficient between that of DPPH and TPC is 0.892 which is significant but relatively 
lower than the others. The high correlation coefficients between all assays suggested 
that each assay was highly dependent each other, thus the influence of the different 
solvent and reference used was insignificant. In fact, many studies on Japanese edible 
plants, the Mediterranean herbs and aromatic plants had shown high correlation 
between DPPH and TPC assays with R values between 0.7 – 0.969 (17, 19). This 
indicated that DPPH assay results could be predicted based on that from the TPC 
assay since both assays do depend on similar mechanism of hydrogen proton donation 
during assay measurements. Many other studies on polyphenols had also found that 
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3.4 Conclusions 
Soxhlet extraction was found to be more effective than the shaker method for Rhoeo 
spathacea and Fructus lycii, but either method was just as effective where Pereskia 
bleo was concerned. Thus, the choice between soxhlet and shaker as the extraction 
method depended mainly on the solvent and matrices involved. The optimum time of 
soxhlet extraction was less than 1 hr and less than 10 min for the shaker method. The 
polar solvents generally gave higher antioxidant activities than the non-polar solvents, 
implying the presence of huge amount of water soluble antioxidants in the three 
plants of interest. The sequence of the solvent used in the successive two solvents 
method had no impact on the antioxidant activities and the double solvent extraction 
method was found to be just as effective as the successive two solvents method. This 
implied that the simultaneous extraction of both polar and non-polar antioxidants was 
possible by combining the immiscible solvents using either soxhlet or shaker 
extraction, without having to carry out the extraction using two solvents successively. 
Strong correlation coefficients were obtained for all four assays, indicating their 
strong inter-dependence on each other, despite the use of different references or 
solvents in the assays. These three plants are potential sources of antioxidants and the 
next chapter will emphasize the analysis and characterization of some of these 
antioxidants in the three plants. 
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 Chapter 4 
 ANTIOXIDANTS IN PERESKIA BLEO DC. (CACTACEAE), 
FRUCTUS LYCII (LYCIUM BARBARUM) AND RHOEO 
SPATHACEA (COMMELINACEAE) 
 
4.1 Methods of analysis, isolation and characterization of antioxidants 
 
4.1.1 Analysis using reversed phase HPLC 
 
Crude extracts of the plants could be analyzed using high performance liquid 
chromatography-diode array detector (HPLC-DAD) to investigate the presence of the 
bioactive compounds. Identification of antioxidants could be achieved either via 
matching their retention times with those of standards or their spectral data. The 
presence of antioxidants could be verified by spiking the crude extracts of the plants 
with free radicals such as DPPH or ABTS. By comparing the HPLC profile of the 
peaks before and after spiking of the free radicals, peaks that correspond to the 
antioxidants will experience a drop in its intensity due to the scavenging abilities of 
the antioxidants on the free radicals. This is an easy and convenient technique to 
identify the antioxidants. Utilizing this method, Shui & Leong had been successful in 
the identification of several antioxidants in lady’s finger, salak and other tropical 
fruits and vegetables (1). Recent advancements had brought this method into the 
online systems where the screening information on the antioxidants could be obtained 
using the HPLC-MS. The extract could then be directed to react with the ABTS 
radical for the immediate identification of the antioxidants (2, 3). 
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4.1.2 Purification and isolation of pure compounds 
 
The most common method to purify crude extracts for the isolation of the compound 
of interest normally involved some form of column chromatography. The usual 
preparation using silica gel based chromatography is typically on a bigger scale, 
where sample size of 1-25 gram of crude extract could be loaded for separation. In 
natural product purification, a huge number of compounds could be present in the 
crude extract, thus rendering discrete collection of individual pure compound difficult. 
This is especially so when conventional column chromatography is used, simply due 
to its low separation efficiency. Semi-preparative HPLC-DAD is a common way to 
separate and collect the antioxidant peaks in mixtures of large number of components 
(4). Precise collection of the peaks of interest could be achieved as the elution time 
could be detected using the UV detector on the HPLC. However, due to the larger 
dimension of semi-preparative column as compared to that of the analytical column, 
the separation efficiencies could be compromised. Thus, peaks of interest as 
identified using the analytical column were not well separated enough during the 
semi-preparative run. Solid phase extraction (SPE) cartridges which use different 
eluents can remove some of the contaminants in the mixture or concentrate 
structurally similar compounds of close elution times before extraction are separated 
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4.1.3 Characterization tools  
 
4.1.3.1 Mass Spectroscopy 
Using mass spectroscopy, many of the antioxidants could be identified based on their 
molecular ion peak or their fragmentation patterns of the peak of interest. This is 
especially useful if standards are available for comparison or those with a standard 
fragmentation pattern. The fragments from MSn analysis could give an idea of the 
structure by predicting the positions of fragmentations from the fragments.  
 
4.1.3.2 Nuclear Magnetic Resonance (NMR)  
 
NMR is a technique useful for the elucidation of the structures of unknown or novel 
antioxidants. The one dimensional (1-D) NMR encompasses the 2 most common type 
of measurement, namely, the 1H and 13C NMR. 1H-NMR spectrum appears 
predominantly in the range of 0-10 ppm. The signals observe in the spectrum belong 
to protons that resonate within this range and chemically identical protons are 
represented by the same signal. The integral is proportional to the number of proton it 
represents. Protons of similar functional groups have distinctive range of chemical 
shifts on the spectrum. Thus, the identification of the functional groups on the 
structure is possible. The second way is to understand the 1H-1H coupling which is 
influenced by the proton on nearby carbon atoms. The size of the coupling is 
indicative of the number and relative positions of the nearby protons, especially in the 
ring system. Protons in the same chemical environment will not experience coupling 
between them, such as methyl group protons (-CH3).  13C NMR occurs in the range of 
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0-200 ppm. The position of the signal relative to the TMS reference (0 ppm) is a good 
guide as to the type of carbon represented. Carbons of different functional groups 
have characteristic chemical shifts, which are affected markedly by nearby 
substituents. 
 
Two dimensional (2-D) NMR offers more structural information, especially on the 
position of linkage between the aglycon and the sugar unit in complex antioxidants. 
2D shift correlation experiments such as H-H COSY yields information on the nearby 
protons based on their coupling with each other. Short C-H correlation via 1JCH could 
be established using the HMQC while HMBC gave extensive C-H correlation via 
2JCH and 3JCH through long range C-H coupling. 1H decoupling experiments (DEPT) 
allow easy determination of quaternary carbons. Stereochemical assignments could be 
made with Overhauser (NOE) difference experiments. 
 
4.2 HPLC characterization of major antioxidant peaks  
 
4.2.1 Identification of antioxidant peaks by HPLC with spiking test 
 
The usage of different radicals in the extracts for the identification of antioxidants is 
based on the different reactivities of antioxidants towards ABTS and DPPH free 
radicals. Due to the scavenging abilities of the antioxidants, the absorbance of these 
antioxidant peaks will drop upon reaction with free radicals. This is the basis of 
antioxidant identification using the HPLC. Oxidation products formed as a result of 
such reaction might elute at different retention times or have absorbance at a different 
wavelength from the antioxidants. Studies on flavonoid chrysin showed that such 
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oxidation products is capable of exhibiting higher antioxidant activities than the 
parent compound using the ABTS●+ scavenging assay and extracts tend to exhibit 
more complex kinetics than the standards in the assays (5, 6).  
 
4.2.2 Method development 
 
Method development was carried out on the HPLC to ensure that most of the 
antioxidants were separated. Different solvents were used for elution so that 
compounds of different nature could be analyzed. Two main solvents were tested: 
methanol and acetonitrile. Acetonitrile is capable of eluting compounds of lower 
polarity since it is more non-polar than methanol. Acetonitrile was commonly used to 
separate bulky flavonoids such as the proanthocyadinins and the lipophilic 
antioxidants such as carotenoids and tocopherols. Compounds of lower molecular 
weight or of higher polarity could be eluted using methanol. The 3 plants, namely 
Pereskia bleo, Fructus lycii and Rhoeo spathacea, were subjected to different elution 
solvents to find out the optimized conditions for elution of the antioxidants. Two 
radicals, ABTS●+ and DPPH●, were used in the spiking test to investigate the 
variations in the antioxidant profiles due to the differences in the antioxidants 
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(I) Pereskia bleo DC. (Cactaceae) 
Minutes



























1: 280 nm, 8 nm
Peres 1to5 dilu 
PERES 1TO5 DIL
1: 280 nm, 8 nm
Peres 1to5 DPPH
Peres 1to5 DPPH
          chromatogram of water 
extract 
          chromatogram of water 
extract spiked with DPPH● 
Figure 4.1 Overlaid chromatograms of Pereskia bleo using methanol as eluent, detection wavelength 
280 nm. Solid line: chromatogram of water extract; dashed line: chromatogram of water extract spiked 
with DPPH●. 
 
Methanol was shown to be more suitable than acetonitrile as the elution solvent as 
more peaks experienced a drop in their absorbance. This implied that these were the 
major antioxidants in Pereskia bleo as shown in Figure 4.1 and these antioxidants 
could be more hydrophilic in nature since their elution was possible via a more polar 
solvent such as methanol. When the ABTS●+ and DPPH● spiked HPLC profiles were 
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Figure 4.2 Overlaid chromatograms of Fructus lycii using acetonitrile as eluent, wavelength 280 nm. 
Solid line: chromatogram of water extract; dashed line: chromatogram of water extract spiked with 
DPPH●. 
 
On the contrary, more antioxidants were eluted when acetonitrile was used as the 
elution solvent for Fructus Lycii as in Figure 4.2. This could be accounted for by the 
presence of large amount of liphophilic antioxidants, especially zeaxanthin, while 
little was reported on the presence of phenolic antioxidants in Fructus Lycii.  
 
(III) Rhoeo spathacea (Commelinaceae) 
 
As evidenced by the antioxidant assays and the HPLC analysis, Rhoeo spathacea 
exhibited the highest antioxidant capabilities and total phenolic contents. Many peaks 
experienced a decrease in their absorbance due to their free radical scavenging 
FL 1to5 di
FL 1TO5 
2: 280 nm, 8 nm
FL 1to5 DPPH
FL 1to5 DPPH acn1          chromatogram of water extract 
          chromatogram of water extract spiked 
with DPPH● 
Antioxidant peaks
   
   
   
   
   
   
   
   
   
   
   
   





   
0 
   
   
10
   
   
20
   
   
 3
0 
   
  4
0 
   
  5
0 
   
  6
0 
   
   
70
   
  8
0 
   
 9
0 
0                      10                     20                     30                      40                    50                      60                    70      
Time (mins)
  69  
abilities, indication of their identities being antioxidants. Significant amount of 
hydrophilic antioxidants was present in the water extract of Rhoeo spathacea as 
































1: 280 nm, 8 nm
new extra
new extrac dilu 1to4
1: 280 nm, 8 nm
new extr with dpph 1to4
new extr with dpph
   
   
   
   
   
   
   
   
   
   
   
   





   
0 
   
   
   
20
0 
   
   
 4
00
   
   
 6
00
   
  8
00
   
   
10
00
   
   
12
00
   
   
14
00
   
   
 
0                        5                      10                    15                     20                      25                   30                     35        
Time (mins) 
Antioxidant peaks
          chromatogram of water extract 
          chromatogram of water extract spiked 
with DPPH● 1 
2          3  4     5 
 
Figure 4.3 Overlaid chromatograms of Rhoeo spathacea using methanol as eluent, wavelength 280 nm. 
Solid line: chromatogram of water extract; dashed line: chromatogram of water extract spiked with 
DPPH●. 
The identification of the antioxidant peaks generally required matching of the 
retention times with that of standards, followed by confirmation of the identity via 
spiking the extract with the most probable standard. It was reported that in the 
Commelinaceae, flavone C-glycosides, derivatives of apigenin and luteolin, were 
identified in 78% of the 152 species studied. The equivalent compound of both 
flavones, namely vitexin (apigenin 8-C-glucoside) and orientin (luteolin 8-C-
glucoside) as shown in Figure 4.4 were usually found together. Out of the 124 species 
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that contain C-glycosides, 84% had di-C-glycosides. A combination of the mono- and 
di-C-glycosides is very common as well (7, 8). The HPLC analysis of the water 
extract of Rhoeo spathacea did not show the presence of either apigenin or luteolin. 












R = H (Vitexin)
R = OH (Orientin)  
Figure 4.4 Structure of Vitexin and Orientin 
 
 
4.3 Identification of antioxidants using HPLC/MSn
 
As discussed in Chapter 3, exceptionally high antioxidant activities using ABTS and 
DPPH assay were observed in the water extract of Rhoeo spathacea as compared to 
the other two plants. Thus, in depth analysis and identification was focused on the 
water extract of Rhoeo spathacea. Well separation of the antioxidant peaks was seen 
from the HPLC analysis. However, the HPLC-DAD, though capable of separating the 
different components of the extract, required the use of suitable standards if 
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identification of these compounds is necessary. As reviewed previously, MS and 
HPLC coupled to MS could provide additional information regarding the structure of 
the compounds. The major antioxidant peaks were studied using the HPLC-MS as it 
provides the abilities of separating and identifying different compounds in a complex 
mixture. Several antioxidant peaks were observed in the water extract of Rhoeo 
spathacea using methanol as the elution solvent. As these peaks generally eluted at 
short retention time of less than 15 mins and that the composition of mobile phase for 
elution is only 30 - 40% methanol, these compounds could be small molecules of 
high polarity. Based on the separation using methanol on the HPLC in Figure 4.3, the 
five major antioxidant peaks were established with the spiking test using free radicals. 
The water extract of Rhoeo spathacea was analysed on the LC-MS using the same 
elution condition as that of HPLC where the antioxidants of interest were identified as 
peaks 1-5 as seen in Figure 4.5. The peaks were then subsequently subjected to MS-
MS analysis, where information on the structure was gathered from the formed 
fragments. Extensive comparison with other HPLC-MSn data references is usually 
required for structural confirmation.  
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Figure 4.5 LC-MS spectrum of water extract of Rhoeo spathacea using methanol as eluent 
  
ESI is a soft technique, which usually produced stable ions and low spontaneous 
fragmentation, such that the parent ion could be left in high proportion. When the 
ionization mode was positive, most of the m/z data were [M+H]+ or [M+Na]+. Table 
4.1 summarised the characteristic ions and molecular masses of the 5 peaks of interest 
in the water extract from Rhoeo spathacea.  
 
Table 4.1 LC-MS analysis (characteristics ions and molecular masses) of components in water extracts 
from Rhoeo spathacea 
 
Compound      Retention time          ESI MS (m/z)                  Major CID ion peaks  
  No                        (mins)     Mode [M±H]+/- [M+Na]+                of [M+H]+/- 
   1          4.7  197, 395           179, 151 
   2          6.5  181, 207   163,153 
   3          9.7  479, 285, 239   239 
   4          10.5  663, 623, 335, 311  592, 317, 203 
   5          12.0  663, 623, 558, 313, 311 563, 179, 149 
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Compound 1 had a [M-H]- at both 197 and 395, where 395 was that of the dimer of 
the compound as seen in Figure 4.6. This molecular ion peak seemed to correspond to 
that of syringic acid in Figure 4.7. The CID ion peaks from parent ion at m/z 197 
gave fragments that indicated loss of water. No losses of methyl group was seen, 
which was expected of syringic acid, thus the use of other analytical tools or methods 
might be necessary for further confirmation.  
 
rsFRESH051107 #119-120 RT: 4.59-4.62 AV: 2 NL: 2.05E7
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igure 4.7 Syringic acid 










fragment of [M+H-18]+ and [M+H-46]+ corresponding to the loss of water and 
CH2O2 molecules. Little could be known about the structure based on the information. 
In Figure 4.8, compound 3 had a molecular weight of 238 according to the parent ions 
at m/z 479 which represented [2M+H]+ while m/z 239 was [M+H]+. This 
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 rsFRESH051107 #252-255 RT: 9.66-9.77 AV: 4 NL: 8.70E6
T: + c ESI Full ms [150.00-1500.00]
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igure 4.8 MS spectrum of compound 3 





[M+H]+ of 335, which possibly indicate the structure of an anthocyanidin. However, 
it lacks the typical fragmentation pattern of [M-156-H]- or [M-288-H]- of 
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4.4 Structure confirmation using spectrometric methods 
 
HPLC-MSn results required extensive cross referencing to other data and much 
speculation of the structures is involved. Thus, other analytical tools are necessary to 
help in the structural elucidation of unknowns. In order to obtain more reliable and 
conclusive results on the structure of the antioxidants, different means of purification 
were explored to obtain pure compounds.  
 
Compound 1, being the largest peak among the 5 antioxidants, was isolated for 
further analysis. One of the common ways was purification via solid phase extraction 
(SPE) cartridges, which were usually used to clean up some of the impurities in the 
extract. However, due to the complex mixture of various compounds in the crude 
extract, simple SPE were not as effective in purifying the crude mixture. Thus, 
isolation of the pure compound 1 was achieved using the manual fraction collector 
based on the separation on the C18 reversed-phase HPLC. 
 
Compound 1 was isolated in bulk for further characterization using 1D and 2D NMR. 
The assignments in the spectrum of compound 1 were deducted by reference to the 
13C NMR spectra. The UV-Vis spectra of compound 1 in water showed absorption 
maxima at around 210 and 280 nm in Figure 4.9, indicating the presence of phenolic 
hydroxyl group. Acid hydrolysis did not change any of the compounds chemically as 
the HPLC profile remained the same after acid hydrolysis, thus eliminating the 
possibility of compound 1 being a glycoside. 
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 Spectrum at time 5.21 min.
nm
190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370
5.21 min
 
Figure 4.9 UV-Vis spectrum of compound 1 from 190-370nm 
Compound 1 has a molecular formula of C9H10O5 (M- m/z 197) as indicated by its 
high resolution ESI mass (HR-ESIMS) spectrum. The 1H NMR spectrum of 
compound 1 in acetone-d6 displayed signals that corresponded to 6 protons as in 
Figure 4.10. The coupling constants between the aromatic protons indicated that ortho 
and meta proton coupling predominated among the protons. 3 protons belong to the 
aromatic ring which could be attributed to two meta-coupled protons at δ 6.78 (d, J = 
1.7 Hz, H-2) and 6.59 (dd, J = 2.0, 8.0 Hz, H-6). The high coupling constant of 8.0 
Hz from H-6 indicated ortho coupling between H-6 and H-5 [δ 6.71 (d, J = 8.0 Hz, H-
5)]. The other 3 protons belong to the alkyl chain of compound 1, which was easily 
identifiable from their chemical shifts at δ 4.31 (q, H-8), 2.98 (dd, J = 4.2Hz, H-7) 
and 2.76 (dd, J = 7.3Hz, H-7). A total of 9 carbons were shown in the 13C NMR 
spectrum (Appendix 6). A carboxylic acid group at δ 175.0 (C-9) was observed. 
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Table 4.2 showed the assignments of the carbons to the chemical shifts as observed 
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Table 4.2 13C NMR spectral data of compound 1 in acetone-d6 
                               Carbon number      chemical shift 
C-1    129.8 
C-2    117.2 
C-3    144.2 
C-4    145.2 
C-5    115.5 
C-6    121.4 
C-7     40.3 
C-8     72.0 
                        C-9    175.0 
 
The DEPT (Appendices 7 & 8) experiments helped to determine the quaternary 
carbons which are C-1, 3, 4, 6 and 9. Complete assignment of the protons in the 
aromatic ring was achieved by considering the cross-peaks of the protons with their 
neighbouring protons on the 1H-1H COSY spectra as in Figure 4.11. Coupling 
between H-7 and H-8 were observed from the COSY, indicating that their positions 
are next to each other. Other COSY information confirmed that there were 2 
dissimilar protons (H-7) coupling on the same carbon, and aromatic coupling between 
H-5 and H-6.  






between 2 protons 






H-6 correlated to 
H-5   
Figure 4.11 H-H COSY correlations spectrum of compound 1 
 
The carbons were assigned from the HMQC and HMBC. The correlation between the 
protons attached on each carbon could be established using the HMQC data in Figure 
4.12. Correlation between the carbons and their respective protons could be assigned 
as follows: H-2 (δ 117.2, 6.78), H-5 (δ115.5, 6.71), H-6 (δ121.4, 6.59), H-7 (δ 40.3, 
2.98, 2.76) and H-8 (δ72.0, 4.31).  







Figure 4.12 HMQC C-H correlations of compound 1 
 
Analysis from the HMBC in Figure 4.13 showed that C-2 and C-6 on the aromatic 
ring had long range correlations 3JC-H with H-7, thus confirming that the 2 protons (H-
7) were nearer to the aromatic ring than H-8.  
 
 

















Figure 4.13 HMBC C-H correlations of compound1 
As indicated by the NMR data, the following structure of compound 1 was proposed 
as in Figure 4.14 named [2-(3,4 dihydroxyl-phenyl)-2-hydroxyl propanoic acid]. This 
is a known compound with a chemical name called Salvianic acid A (or Chinese 
name Danshansu), which is a principal component in Radix Salviae miltiorrhizae. 
Verification of the structure of compound 1 was done by correlating the experimental 
NMR data with pure Salvianic acid A isolated from Radix Salviae miltiorrhizae. Very 
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close and good correlation of the experimental data with that of Salvianic acid A was 
















Figure 4.14 Structure of compound 1 (Salvianic acid A.) 
 
This is the first time Salvianic acid A was reported to be present in the water extract 
of Rhoeo spathacea. Salvianic acid A is a bioactive component responsible for 
protecting diverse kinds of cells from damage caused by a variety of toxic stimuli. 
Wang & Xu reported that Salvianic acid A was capable of reversing the harmful 
effects of MPP+ induced cytotoxicity on human neuroblastoma cells due to its 
antioxidative properties and anti-apoptotic activity (10). It was proven to reduce lipid 
peroxidation in the mitochondrial membrane, indicating the potential of Salvianic 
acid A. against oxidative stress and other related pathological processes or illnesses 
(11). 
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 4.5 Conclusions 
 
Water extracts of all three plants: namely Pereskia bleo DC. (Cactaceae), Fructus 
lycii (Lycium barbarum) and Rhoeo spathacea (Commelinaceae), had shown high 
levels of phenolic antioxidants according to the HPLC analysis of the extract and the 
reaction solution with both radicals ABTS●+ and DPPH●. Stronger radical 
scavenging was exhibited towards DPPH● than ABTS●+ due to the inherent selective 
reactivity of different radicals towards different antioxidants. Methanol was more 
effective as the elution solvent for the antioxidants in the water extracts of Pereskia 
bleo and Rhoeo spathacea while acetonitrile eluted more antioxidants for Fructus 
lycii. The water extract of Rhoeo spathacea, which exhibited the highest antioxidant 
activity among the three plants, was further studied to identify the major antioxidants. 
Five major antioxidant peaks from the HPLC analysis were selected for further 
investigation. HPLC-MSn analysis gave an insight into the structure of the 
antioxidants from the fragmentation patterns and molecular ions information. One of 
the major antioxidant, compound 1 was isolated in bulk for structural confirmation 
using a combination of analytical tools. MS and NMR analysis confirmed its structure 
as 2-(3,4 dihydroxyl-phenyl)-2-hydroxyl propanoic acid, or Salvianic acid A. Further 
study using the same techniques could yield structural information on the other 
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 Chapter 5 
STUDY ON THE ANTIOXIDANT PROFILE IN SALAK 
[SALACCA ZALACCA (GAERT.) VOSS] (PONDOH) AND PAPAYA 




5.1.1 Salak [Salacca zalacca (Gaert.) Voss] (Pondoh) 
 
Salak [Salacca zalacca (Gaert.) Voss] has been known as the snake fruit that 
originates from Indonesia and other Southeast Asian countries. There are over 30 
cultivars of snake fruits and they are characterized by their strong aroma. The salak 
pondoh contained the highest aroma intensity and some of the more significant 
impact odorants compounds responsible for the aroma had been identified (1). This 
tropical fruit has also been well-known as a good source of antioxidants and  Shui & 
Leong (2005) identified some of those that gave significant antioxidant activities, 
namely chlorogenic acid, (-) epicatechin, and singly linked proanthocyanidins that 
mainly existed as dimers through hexamers of catechin and epicatechin (2).  
 
5.1.2 Papaya (Carica Papaya) (Bangkok) 
 
Carica papaya, which is commonly known as papaya is widely cultivated throughout 
the world and is used as food and traditional medicine, particularly as an antiseptic 
and contraceptive. Many studies to understand the antioxidant abilities of papaya had 
been carried out and significant level of antioxidant activity was obtained (3-5). As 
reported by Mahattanantawee el at., the antioxidant activities were affected by the 
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cultivar and ripening stage of papaya (6). Antimicrobial activities were also exhibited 
where the bacteriostatic activity of papaya was correlated with its scavenging action 
on superoxide and hydroxyl radicals (7). Considerable amount of vitamin C, malic 
acid, citric acid and carotenoids were found to be present in papaya (7, 8).   
 
5.1.3 Deep-fat frying vs vacuum frying 
 
Dehydration is one of the major processes during food preservation. Common drying 
methods include air drying, solar drying, vacuum drying and freeze-drying. Deep fat 
frying is another method that could effectively remove moisture and absorb oil 
simultaneously. This is normally performed at high temperatures of about 180oC 
under atmospheric pressure. However, such a method usually causes a loss of flavour 
compounds from food and deterioration of the quality of the food such as the 
browning and fading of the material. Vacuum frying operates in pressure lower than 
atmospheric levels and low temperature, which helps reduce such adverse effects 
from deep-fat frying. On top of that, it alleviates oxidation and enzymatic browning 
of the frying oil, thus producing food with good retention of nutrients and longer 
shelf-life. Studies on vacuum fried carrot chips had shown that the moisture, colour 
and breaking force of carrot chips decreased while the oil content increased with 
increasing frying temperature and time (9).  
5.1.4 Objectives of study 
Little studies were done on the effect of vacuum frying on the content or the profile of 
antioxidants. In our study, we will look at the antioxidant activities of both fresh and 
vacuum fried Papaya (Bangkok) and Salak (Pondoh) from Indonesia. The ABTS●+ 
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scavenging ability, ferric reducing antioxidant power and the total phenolic content of 
fresh and vacuum fried papaya and salak will be explored to investigate the effect of 
vacuum frying on the antioxidant activities. Soxhlet and shaker extraction will be 
carried out using two different solvents, namely water and acetone. The profile of the 
antioxidants before and after vacuum frying will then be compared by HPLC analysis.  
 
5.2 Comparison of the antioxidant activities between fresh and vacuum 






































Fresh salak Vacuum fried salak
A 































































































Figure 5.1 Antioxidant activities of fresh and vacuum fried salak using either soxhlet or shaker 
extraction method based on (A) their abilities to scavenge ABTS free radicals; (B) Ferric Reducing 
Antioxidant Power (FRAP); (C) Total phenolic content (n=3, error bars represent standard deviation).   
 
The comparison of the antioxidant activities of salak using two different extraction 
methods, namely soxhlet and shaker extraction is shown in Figure 5.1. Two different 
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solvents, water and acetone, were studied. The antioxidant activities of the extracts 
were tested for their ABTS●+ scavenging abilities; FRAP abilities and total phenolic 
content. When water was used as the extraction solvent in the shaker extraction 
method, vacuum fried salak gave significantly higher antioxidant activities than fresh 
salak on the ABTS (P=0.0455, F=20) and TPC (P=0.0406, F=23) assays. For acetone, 
the vacuum fried samples gave significantly higher antioxidant activities than fresh 
salak in both soxhlet and shaker extractions on the ABTS (sox: P=0.00047, F=2144, 
shaker: P=0.0011, F =897), FRAP (sox: P=0.016, F=1637, shaker: P=0.0157, F=1637) 
and TPC (sox: P=0.0084, F=118, shaker: P=0.0043, F=232) assays. In general, water 
was comparable or more effective than acetone for extraction. It was inconclusive as 
to which of the method, soxhlet or shaker extraction, was more superior. 
 
5.3 Comparison of the antioxidant activities between fresh and vacuum 
























































































































































Figure 5.2 Antioxidant activities of fresh and vacuum fried papaya using various extraction conditions 
based on (A) their abilities to scavenge ABTS free radicals; (B) Ferric Reducing Antioxidant Power 
(FRAP); (C) Total phenolic content (n=3, error bars represent standard deviation).   
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The comparison of the antioxidant activities between fresh and vacuum fried papaya 
was shown in Figure 5.2. Vacuum fried papaya generally gave comparable or higher 
antioxidant activities than fresh papaya. When water was used in shaker extraction, 
significantly high total phenolic content was observed for vacuum fried papaya than 
fresh ones (P=0.01498, F=229). In the case of acetone, the same trend was observed 
in soxhlet extraction on the ABTS (P=0.0440, F=21) and TPC (P=0.0060, F=164) 
assays; shaker extraction on the ABTS (P=0.00219, F=455), FRAP (P=0.0371, F=294) 
and TPC (P=0.0044, F=20736) assays. Soxhlet extraction was comparable to shaker 
extraction when water was the extraction solvent. Vacuum frying could have 
produced or altered some antioxidants that could have potentially higher antioxidant 
activities than fresh papaya. It was difficult to be conclusive as to whether soxhlet or 
shaker was a better extraction method. 
 
 
5.4 HPLC analysis of fresh and vacuum fried samples 
 
Soxhlet extracts using water for both the fresh and vacuum samples were subjected to 
HPLC analysis. The samples were spiked with ABTS and DPPH radicals, where the 
comparison of the HPLC profile in the presence and absence of the radicals would 
indicate the antioxidants present. Antioxidants peaks would experience a drop in their 
absorbance in the presence of radicals due to their scavenging ability of the free 
radicals. Though both ABTS and DPPH were both radicals, they might be susceptible 
to different antioxidants of different scavenging abilities. Different kinetics of 
reaction and antioxidant abilities were exhibited when the DPPH and ABTS free 
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radical scavenging abilities of phenolic acids standards were evaluated by Ozgen et al. 
(10). Thus, it is necessary to compare the effects of using different radicals on the 
extracts. 
 
5.4.1 Analysis of the antioxidants in salak 
5.4.1.1 Antioxidants in fresh salak 
 chromatogram of water extract 







Figure 5.3 Overlaid chromatograms of fresh salak, wavelength 320 nm. Solid line: chromatogram of 
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Figure 5.4 Overlaid chromatograms of fresh salak, wavelength 320 nm. Solid line: chromatogram of 
water extract; dashed line: chromatogram of water extract spiked with DPPH●.  
 
Peak 4 and 5 had a decrease in their absorbance in the presence of ABTS free radicals, 
rendering them antioxidant peaks as seen in Figure 5.3. In addition to peaks 4 and 5, 
three more antioxidant peaks 1-3 could also be observed in Figure 5.4 when DPPH● 
was used. Other peaks that had an increase in their absorbance as seen in the 
chromatograms that were spiked with ABTS●+ and DPPH● could be attributed to the 
products from the reaction of the antioxidants with the free radicals. Such peaks tend 
to overlap with the peaks from the water extract of fresh salak, which might obscure 
other possible antioxidant peaks. Thus, there is the possibility that such peaks had 
obscured antioxidant peaks 1-3 when ABTS●+ was spiked. Most of the antioxidant 
peaks elute at short retention times, indicating that most of these compounds were 
very polar compounds. No peaks were seen that elute at higher retention times.  
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The antioxidant profile using fresh salak (pondoh) differed from that done by Shui & 
Leong (2005), which showed a wider variety of peaks in the chromatograms, even 
though the same extraction conditions was used (2). Such differences were not 
uncommon given the fact that more than 200 cultivars of salak are available on 
market, and different cultivars could have great variations in the type and amount of 
active compounds.  
 
The reaction of the radicals with the antioxidants involved donation of an electron or 
hydrogen atom. Changes in the structural or physical properties of antioxidants upon 
reaction with the radicals could have resulted. Such reactions could have produced 
either products that could not be detected at the same wavelengths as that of the 
polyphenolic antioxidants or novel oxidation products that have different retention 
times from that of the original antioxidants (11). This principle could be used in the 
identification of the antioxidants. More antioxidants react with the DPPH radical than 
the ABTS radical. This could be due to the differences in the reactivities of 
antioxidants towards different radicals; little studies had been conducted due to the 
complex mechanism involved.  The differences in the solubilities of the antioxidants 
in aqueous ABTS solution and methanolic DPPH solution could have resulted in 
different antioxidants reacting with the different radicals. The more lipophilic ones 
might be reactive only with DPPH since such antioxidants were insoluble in water but 
sparingly or completely soluble in methanol. 
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          chromatogram of water extract 




Figure 5.5 Overlaid chromatograms of vacuum fried salak, wavelength 320 nm. Solid line: 
chromatogram of water extract; dashed line: chromatogram of water extract spiked with ABTS●+.  
          chromatogram of water extract 
          chromatogram of water extract spiked 
with DPPH● 





Figure 5.6 Overlaid chromatograms of vacuum fried salak, wavelength 320 nm. Solid line: 
chromatogram of water extract; dashed line: chromatogram of water extract spiked with DPPH●. 
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Comparison between the Figure 5.5 and 5.6 showed that more peaks experienced a 
drop in the absorbance in the presence of DPPH● compared to ABTS●+. Retention 
times of antioxidant peaks 1' and 2' were similar to that of products between the 
antioxidants and ABTS●+, which possibly result in the peaks being obscured when 
ABTS●+ was spiked into the water extract. 
 
igure 5.7 Overlai ength 
As observed in Figure 5.7, the antioxidant profiles of fresh and vacuum fried salak 
          chromatogram of fresh salak  
 extract 
  chromatogram of vacuum 
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F d chromatograms of fresh salak and vacuum fried salak chromatograms, wavel
320nm. Solid line: chromatogram of vacuum fried salak extract in water with antioxidant peaks 1'-4'; 
dashed line: chromatogram of fresh salak extract in water with antioxidant peaks 1-5. 
 
antioxidant were very different, implying that fresh salak contained different 
antioxidants from that of vacuum fried salak. Peaks 1'- 4' were found in vacuum fried 
salak and peaks 1-5 belonged to fresh salak. The absorbance of the antioxidant peaks 
in vacuum fried salak was higher than that in fresh salak. Vacuum frying could have 
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altered antioxidants chemically, resulting in antioxidants eluting at different retention 
times from that of the fresh ones. These chromatograms might not show all the 
antioxidants as some might require different solvents for elution.  
Minutes
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5.4.2 Analysis of the antioxidants in papaya 
 
Figure 5.8 Overlaid chromatograms of fresh papaya, wavelength 280 nm. Solid line: chromatogram of 
          chromatogram of water extract 
          chromatogram of water extract spiked 
+
5.4.2.1 Antioxidants in fresh papaya 
with ABTS●
Antioxidant peaks  
a
b
water extract; dashed line: chromatogram of water extract spiked with ABTS●+.  
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           chromatogram of water extract 
          chromatogram of water extract spiked 
with DPPH● 





Figure 5.9 Overlaid chromatograms of fresh papaya, wavelength 280 nm. Solid line: chromatogram of 
water extract; dashed line: chromatogram of water extract spiked with DPPH●. 
 
When ABTS●+ was used, peaks a and b experienced a drop in their absorbance, 
implying that they were antioxidants. Peaks a – d exhibited a decrease in their 
absorbance in the presence of DPPH●, thus more antioxidants were reactive to 
DPPH● than ABTS●+. All the peaks had very close retention times, rendering 
separation difficult. Short elution times of less than 10 mins were observed, implying 
the presence of very polar antioxidants in fresh papaya. The antioxidant assays 
showed that soxhlet extraction of fresh papaya with water had an antioxidant power 
in the medium range of the scale (ABTS: 150±11 mg L-ascorbic acid/100g DW; TPC: 
2.32±0.20 mg GAE/g DW), with referencing to the studies done by Leong & Shui 
(2002) on the antioxidant abilities of fruits in Singapore market (12). In this study, a 
different cultivar of papaya (Solo papaya) was evaluated for its ABTS free radical 
scavenging ability. Solo papaya gave 141±27 mg L-ascorbic acid/100g DW, which 
was pretty comparable to that using papaya Bangkok in this study, despite of the 
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differences in the cultivar of papaya used and possibly the ripening stage too. Where 
fresh fruits or plants were concerned, the cultivar, ripening stage and the different 
parts do greatly affect the antioxidant abilities. A study on 2 different varieties of 
Carica papaya grown in Florida showed that ripe papaya gave higher antioxidant 
activities than the unripe one, which was in agreement with another study by 





5.4.2.2 Antioxidants in vacuum fried papaya 
          chromatogram of water extract 
          chromatogram of water extract spiked 
with ABTS●+





Figure 5.10 Overlaid chromatograms of vacuum fried papaya, wavelength 280 nm. Solid line: 
chromatogram of water extract; dashed line: chromatogram of water extract spiked with ABTS●+. 
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          chromatogram of  water extract 
          chromatogram of water extract spiked 
with DPPH● 
 
Figure 5.11 Overlaid chromatograms of vacuum fried papaya, wavelength 280 nm. Solid line: 
chromatogram of water extract; dashed line: chromatogram of water extract spiked with DPPH●.  
 
No significant differences were observed between the HPLC profile of vacuum fried 
papaya spiked with ABTS●+ radical and that of DPPH free radical. The same peaks 
experienced a drop in their absorbance, implying that the same antioxidants were 
reactive towards both the radicals.  
 
 







          chromatogram of vacuum fried papaya     
extract 
          chromatogram of fresh papaya extract  
 
Figure 5.12 Overlaid chromatograms of fresh papaya and vacuum fried papaya chromatograms, 
wavelength 280nm. Solid line: chromatogram of vacuum fried papaya with water; dashed line: 
chromatogram of fresh papaya with water. Retention times of peaks a=3.3 min, b=3.77 min, c=4.12 
min and d=4.55 min, a'=3.3 min, b'=3.65 min and c'=4.11 min.  
 
Very similar chromatograms were observed for both the fresh and vacuum fried 
papaya, but the peaks from the vacuum fried papaya had higher absorbance than that 
of the fresh papaya. This implied that the vacuum fried papaya contained a higher 
amount of antioxidants per gram of papaya extract. This is consistent with the 
findings from the antioxidant assays that the vacuum fried papaya gave higher 
antioxidant activities than the fresh one. Peaks a - d belonged to fresh papaya while 
peaks a' - c' belonged to vacuum fried papaya. Peaks a and c from fresh papaya had 
the same retention time of 3.3 and 4.1 min, which were similar to that of peaks a' and 
c' respectively from vacuum fried papaya. To ascertain if they were similar, the UV-
vis spectra of the peaks with the same retention time were compared and were found 
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to be different. The spectra showed that both the vacuum fried and fresh papaya 
contained the different antioxidants despite similarities in their chromatograms. This 
implied that vacuum frying could have introduced additional antioxidants or 
chemically altered the antioxidants. 
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5.5 Conclusions 
 
Vacuum fried salak and papaya gave higher antioxidant activities than the fresh ones. 
Water was more effective than acetone in salak extraction while it was inconclusive 
on the solvent that was more effective in papaya extraction. When the antioxidant 
profiles were compared and studied in detail using HPLC, there were stark 
differences between the types of antioxidants in them. In salak, the antioxidant peaks 
in vacuum fried and fresh salak had different retention times, indicating that different 
antioxidants were present. Where papaya was concerned, the UV-vis spectra of 
antioxidant peaks in fresh and vacuum fried papaya showed that different 
antioxidants were present too. This implied that food processing such as vacuum 
frying could have altered the nature of some of these antioxidants. Thus, vacuum 
frying could have varying effect on the antioxidants in the different fruits which had 
to be explored specific to each different source of interest. Further method 
development on the HPLC could yield more information on the effect of vacuum 
frying on the antioxidant profile for both the fruits.  
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Chapter 6 
OVERALL CONCLUSION AND FUTURE WORK 
 
High levels of polar antioxidants were found in Rhoeo spathacea, Pereskia bleo and 
Fructus lycii according to their ABTS●+ and DPPH● scavenging abilities, FRAP and 
TPC assays.  Strong correlations between the four assays were exhibited. Since the 
antioxidant assays used in this study were confined to the non-inhibition methods, 
further evaluation of their antioxidant activities could be achieved using the inhibition 
methods such as the ORAC and TRAP assays. The extraction of both polar and non-
polar antioxidants was found to be possible by using two immiscible solvents 
simultaneously. Five major antioxidant peaks were found in the water extract of 
Rhoeo spathacea and with the utilization of a mixture of analytical tools, Salvianic 
acid A. was identified for the first time in Rhoeo spathacea. These plants are potential 
sources of antioxidants and further understanding of these antioxidants is important. 
Quantification of Slavianic acid A. and identification of the other antioxidants could 
be carried out to enhance the understanding of their mechanisms in the biochemical 
pathway in the human body. The closely intertwined relationship between 
antioxidants and health implies that there is a greater need to have a more in depth 
understanding of these antioxidants. Thus, future work could also include the 
exploration of the bioactivities of these plant extracts for potential therapeutic 
capabilities.  
In our study on papaya and salak, it was demonstrated that vacuum frying did 
increase the antioxidant activities of salak and papaya and different antioxidants were 
found to be present in fresh and vacuum fried salak and papaya. This implied that 
some food processes such as vacuum frying could be capable of altering the 
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antioxidants chemically. However, it is still unknown as to the chemical change that 
vacuum frying has effected in the fruits. Thus, the future work will focus on the 
identification of these antioxidants in fresh and vacuum fried salak and papaya. In 
addition, it will be interesting to evaluate the impact of vacuum frying on the 
nutritional values of these fruits as part of the future work.  
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Appendix 1: Correlation between antioxidant activities between ABTS●+ scavenging 
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Appendix 2: Correlation between antioxidant activities between ABTS●+ scavenging 
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Appendix 3: Correlation between antioxidant activities between ABTS●+ assay and 
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Appendix 4: Correlation between antioxidant activities between DPPH● scavenging 
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Appendix 5: Correlation between antioxidant activities between DPPH● scavenging 
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Appendix 7: DEPT-90 spectrum of compound 1 
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